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About  40  people  met  at  the  University  of  Arizona  in  December  1990  to  discuss  the 
influence  of  Japanese/American  culture  on  technological  innovation  in  advanced  materials. 
Roughly  hcui'  the  conference  participants  were  equally  divided  between  Japanese  and  American 
scientists/engineers  who  have  been  and  are  successful  researchers,  managers  and  innovators 
playing  leadership  roles  in  materials  research  and  development.  A  quarter  of  the  participants  were 
active  or  former  successful  managers  of  materials  development  and  or  serious  scholars  of 
iimovation  and  technology  transfer.  The  final  quarter  consisted  of  anthropologists  and  sociologists, 
most  of  whom  had  little  or  no  background  in  technology  or  technological  iimovation.  The 
conference  was  an  experiment  in  an  emerging  field  that  I  shall  call  the  anthropology  of 
technology. 

The  paradigm  of  materials  science  and  technology  is  that  materials  synthesis  and 
processing  lead  to  structure  and  properties  that  determine  performance.  Only  a  little  reflection 
will  show  that  this  model  mixes  apples  and  oranges.  Structure  and  properties  are  material 
attributes.  Processing  and  performance  are  socio-technical  activities  involving  human  perceptions, 
human  behavior  and  social  organization.  The  engineering  community  is  beginning  to  recognize 
and  accept  this;  the  topic  of  the  1990  National  Academy  of  Engineering  Annual  Meeting 
Symposium  was  "Engineering  as  a  Social  Enterprise".  Our  meeting  began  with  a  discussion  by 
Stephen  Kline  of  Stanford  University  about  how  and  why  we  should  be  concerned  with  the  nature 
of  the  socio-technical  systems  within  which  technology  is  embodied.  Such  systems  are  complex  and 
iimovation  may  involve  changes  in  not  only  products  and  processes  of  manufacture  but  also  of  the 
social  arrangements  of  the  system,  fiscal  and  legal  matters,  the  socio-technical  systems  of 
distribution  and  use  and  the  overall  system  as  a  whole.  Kline  proposed  a  paradigm  for  iimovation 
that  involves  a  number  of  different  feedback  loops. 

In  discussing  technological  innovation  at  some  depth,  we  are  on  the  horns  of  a 
dilemma.  We  need  the  participation  of  the  scientific  and  engineering  craftsmen  who  are  out  there 
doing  innovation  and  have  first  hand  knowledge  of  what’s  actually  happening.  But  their  model 
for  such  a  discussion  tends  to  be  one  of  technological  determinism  and  an  almost  inevitable 
sequence  of  events  that  we  know  to  be  false  or  misleading.  We  addressed  this  problem  by  bringing 
technologists  and  managers  together  with  anthropologists  who  have  little  knowledge  of  technology, 
but  a  sensitivity  to  the  social  and  cultural  context  of  technological  activities  and  change.  In  a 
further  restriction  on  the  scope  of  our  meeting,  the  topic  was  limited  to  influences  of  cultural 
differences  —  between  Japan  and  the  United  States.  We  chose  to  focus  on  Japan  vis  a  vis  the 
United  States  for  two  reasons;  1.  there  are  distinct  cultural  differences  which  many  books  and 
articles  have  associated  with  relative  success  in  science,  technology  and  corporate  management; 
2.  Japan  and  America  are  world  leaders  in  the  field  of  advanced  materials. 

Discussions  focused  on  the  invention  of  new  products  and  processes  and  the  early 
stages  of  product  development  as  nascent  and  infant  industries.  At  this  stage  of  the  innovation 
process,  there  has  been  little  comparison  between  Japan  and  the  U.S.  even  though  the  nucleation 
and  growth  of  new  industries  may  well  be  a  critical  step  in  the  development  of  new  high-value- 
added  manufacturing.  In  order  to  focus  our  discussions  we  selected  three  advanced  materials  that 
are  widely  considered  to  be  harbingers  of  the  future.  The  discovery  and  confirmation  of  high 
temperature  oxide  superconductors  in  1986  unleashed  extensive  international  research  which  has 
led  to  these  materials  being  on  the  threshold  of  commercial  innovation.  Synthetic  diamonds 
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INTRODUCTION 


This  volume  reports  on  a  week-long  conference  of  about  forty  people.  Roughly  half  were 
sdentists-enginecrs  who  have  been  and  are  successful  researchers,  managers  and  innovators 
playing  leadership  roles  in  materials  research  and  development;  these  participants  were 
equally  divided  between  Jaqjanese  and  Americans.  In  order  to  have  a  fairly  narrow  and 
focussed  discussion  all  are  working  on  only  three  types  of  advanced  materials  which  are  in  the 
pre-commercial,  nascent  or  infant  commercial  stages  of  development  Another  quarter  of  the 
participants  were  active  or  former  successful  managers  of  materials  development  and/or 
serious  scholars  studying  innovation  and  technology  transfer.  The  final  quarter  of  participants 
consisted  of  anthropologists  and  sociologists,  most  of  whom  had  little  or  no  background  in 
technology  or  technological  innovation.  In  a  very  real  sense  the  conference  was  an  experiment 
in  an  emerging  field  that  I  shall  call  the  anthropology  of  technology. 

Until  about  twenty  years  ago  the  history  of  technology  was  dominated  by  detailed  narrative 
descriptions  which  were  generally  positivist  and  reductionist.  Historians  of  technology  refer 
to  this  as  an  internalist  view  of  technology  that  is  seen  as  somehow  independent  of  the 
surrounding  society.  It  was  a  widely  held  view  that  technology  was  responsible  for  social 
change  rather  than  vice  versa  —  technological  determinism.  Progress  was  taken  as  inevitable 
and  more  often  than  not  the  mechanism  of  progress  was  seen  as  a  linear  progression  from 
pure  science  to  applied  science  (equated  with  technology)  to  engineering  and  manufacturing. 
This  is  a  process  that  can  be  directed  and  controlled  by  following  a  progression  from  research 
to  development  to  production  aud  marketing.  In  the  last  two  or  tluree  decades  a  "new"  and 
more  realistic  history  of  technology  has  developed  which  focuses  on  technological  change  and 
views  technology  as  a  ^tem  that  involves  social  organization,  management  behavior,  human 
perceptions,  environment,  culture,  economics  and  politics  as  important  formative  faaors.  It 
contends  that  technological  systems  must  be  seen  in  the  sodal  and  cultural  context  in 
they  are  construaed.  The  engineering  community  is  beginning  to  recognize  and  accept  this. 
The  topic  of  the  1990  National  Academy  of  Engineering  Annual  Meeting  Symposium  was 
"Engineering  as  a  Social  Enterprise”. 

Stephen  Kline  in  a  following  chapter  "Models  of  Innovation  and  Their  Policy 
Consequences"  describes  how  and  why  we  must  be  concerned  witih  the  nature  of  the  sodo- 
technical  systems  in  which  technology  is  embodied  and  that  such  systems  are  extremely 
complex  Iimovation  may  involve  changes  in  not  only  products  and  processes  of  manufacture, 
but  of  the  social  arrangements  of  the  system,  fiscal  and  legal  matters,  the  socio-technical 
systems  of  distribution  and  use  and  the  overall  system  as  a  whole.  It  necessarily  follows  that 
the  linear  model  of  research-development-production-marketing  cannot  possibly  be  correct 
Kline  proposes  a  more  complex  paradigm  for  innovation  that  involves  a  number  of  different 
feedback  loops. 

In  discussing  technological  irmovation  in  some  depth,  we  are  somewhat  on  the  horns  of  a 
dilemma.  We  need  the  panicipation  of  the  scientific  and  engineering  craftsmen  who  are  out 
there  doing  the  innovation  and  have  firsthand  knowledge  of  what’s  actually  happening.  But 
their  model  for  such  a  discussion  tends  to  be  one  of  technological  determinism  and  an  almost 
inevitable  sequence  of  events  that  we  know  to  be  false  or  misleading.  We  have  addressed  this 
problem  by  bringing  the  technologists  and  managers  together  with  anthropologists  who  have 
little  background  in  technical  detail  but  a  presumed  sensitivity  to  the  social  and  cultural 
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contexts  of  technological  activities  and  sodo-technological  change.  In  a  farther  restriction  on 
the  scope  of  our  endeavor,  the  topic  is  limited  to  influences  of  cultural  differences  — 
specific^y  between  Japan  and  the  United  States  —  on  technological  innovation.  We  have 
chosen  to  focus  on  Japan  vis-^-vis  the  United  States  for  two  reasons:  first  there  are  distina 
cultural  differences  which  many  books  and  articles  have  associated  with  relative  success  in 
science,  technology  and  corporate  management;  second,  Japan  and  America  are  world  leaders 
in  the  field  of  advanced  materials. 

Culture  refers  to  the  framework  of  behavior,  beliefs  and  customs  common  to  a  society,  the 
structure  within  which  events  and  behavior  are  interpreted,  the  values  and  expectations  within 
which  the  world  is  ordered.  Japan  and  America  have  national  cultures  but  there  are  also  a 
variety  of  subcultures  associated  with  smaller  social  organizations  such  as  universities,  national 
laboratories  and  corporations  within  which  technological  innovation  occurs.  Cultures  are 
shaped  by  a  variety  of  influences  and  change  over  time.  The  national  cultures  of  both  Japan 
and  the  United  States  are  continually  changing  and  sometimes  thought  to  be  converging.  In 
the  United  States,  the  changing  role  of  women  has  led  to  revolutionary  changes  in  the  family 
and  the  workplace.  Managers  of  American  national  laboratories  and  many  companies  are 
actively  attempting  to  modify  their  laboratory  or  corporate  culture.  Japanese  women  are 
rarely  seea  in  technologic^  and  managerial  roles,  but  that  seems  to  be  changing. 
Traditionally,  Japanese  salarymen  have  lifetime  employment  and  work  is  the  most  important 
activity  in  their  life.  But  there  is  some  fraction  of  the  generation  under  age  30,  the 
"Shinjinrui",  who  are  not  afraid  to  change  jobs,  who  want  to  avoid  the  "three  k's"  —  kiken 
(dangerous),  kitsui  (hard)  and  kitanai  (messy).  Shipfinnii  are  said  lo  care  more  about  their 
pleasures  than  their  work.  Cultural  contexts  are  deeply  embedded  and  difficult  to  alter,  but 
we  must  understand  that  our  conference  was  populated  mostly  by  participants  in  the  35-65 
year  age  group.  It  is  that  strata  of  our  societies,  leaders  of  this  and  coming  decades,  who  are 
discussing  and  being  discussed. 

Advanced  materials  are  a  particularly  appropriate  area  of  technology  for  a  meeting  such 
as  this.  Materials  are  an  enabUng  technology  that  make  possible  improved  performance  of 
devices  critical  to  the  improved  performance  of  more  complex  systems.  As  such,  these 
materials  contribute  more  to  high-value-added  manufacturing  than  their  own  cost  or  market 
value.  Almost  a  century  ago,  development  of  electrical  lighting  systems  was  dependent  upon 
the  development  of  new  materials  for  the  filaments  of  incandescent  bulbs  as  a  critical 
component  of  much  larger  electrical  systems  that  included  generating  stations,  transformers, 
power  lines  and  new  financial  instimtions.  There  were  improved  carbon  filaments,  bulbs  with 
incandescent  solid  electrolyte  Nemst  glowers  and  a  variety  of  refractory  metals.  In  the  end, 
drawn-wire  tungsten  allowed  the  development  of  brighter,  longer-life  incandescent  lighting  that 
made  the  whole  system  more  efficient  and  effective.  The  same  can  be  said  for  ceramic  ferrite 
magnetic  memory  devices  which  transformed  the  development  of  early  computer  systems.  All 
industries  and  all  systems  are  limited  by  the  performance  of  materials  as  components.  If  we 

had  lighter  metals . if  we  had  tougher  ceramics . if  we  had  higher  temperature 

superctmducton . 

In  mature  industries,  such  as  binoculars,  cameras,  docks  and  watches,  hand  calculators, 
microwaye  ovens,  motorcydes,  semiconductors,  tape  recorders,  televisions  receivers  and  VCRs 
amongst  others,  it  is  dear  that  Japanese  innovations  have  led  the  world  and  enabled  Japan 
to  capture  a  significant  market  share.  Dozens  of  analyses  and  interpretations  have  been 
publi^ed.  Technological  innovations  have  been  accompanied  by  the  development  of  a 
Japanese  manufacturing  system  which  combines  high  quality  with  low  cost  of  production.  This 
has  been  achieved  by  flexible  manufacturing  schedules  with  relatively  shon  production  runs 
of  several  dosely  related  products.  Mamifacturing  concerns  in  Japan  have  considered  the 
development  and  well-being  of  human  resources  as  a  prindple  objective.  This  has  led  to 
workers  cross-trained  over  a  range  of  skills,  effective  partidpation  and  acceptance  of 


_ _  3 

responsibility  at  all  levels  of  the  hierarchy,  and  an  organizational  approach  of  cooperative 
work  groups  which  range  across  a  variety  of  related  disciplines  and  include  technicians  and 
craftsmen  as  well  as  engineers.  There  is  an  emphasis  on  seeking  consensus,  open 
communication  and  decision-making  as  close  as  possible  to  the  point  of  implementation. 
Finally,  there  are  strong  communications  and  interactions  with  customers  and  suppliers  that 
provide  rapid  feedback  into  design,  production  and  engineering. 

This  conference  has  been  concerned  with  earlier  stages  of  product  development  and 
particularly  the  invention  of  new  products  and  processes  and  their  development  in  nascent  and 
infant  industries.  At  this  stage  of  the  innovation  process,  there  has  been  much  less  comparison 
of  Japanese  and  American  industries.  The  nucleation  and  growth  of  new  industries  may  well 
be  the  critical  step  in  the  development  of  new  high-value-added  manufacturing.  It  is  often 
stated  that  the  United  States  is  the  source  of  major  new  concepts  and  products  for  which  the 
Japanese  devise  more  effective  manufacturing  processes.  That  reductionist  picture  is  one 
which  requires  careful  examination.  In  order  to  focus  our  discussions,  we  have  seleaed  three 
advanced  materials  that  are  widely  considered  to  be  harbingers  of  the  future.  In  1986  the 
discovery  and  confirmation  of  high  temperature  oxide  superconductors  unleashed  extensive 
international  research  which  has  led  to  these  materials  being  on  the  threshold  of  commercial 
innovation.  Synthetic  diamonds  formed  at  low  pressures  have  been  undergoing  technological 
development  for  about  ten  years  and  commercial  products  are  now  being  manufactured  on 
a  limited  scale.  Silicon  nitride  structural  ceramics  have  been  actively  pursued  for  almost  forty 
years  and  are  now  in  regular  production  in  what  may  be  described  as  an  infant  industry. 
Taken  as  a  group,  these  advanced  materials  provide  insights  into  the  progression  from 
invention  to  nascent  commercialization  to  infant  industry. 

Superconductivity  was  discovered  by  Heike  Kamerlingh  Onnes,  a  physicist  at  the  University 
of  Leyden,  in  1911.  He  found  that  the  electrical  resistance  of  mercury  disappears  completely 
at  temperatures  below  4.2*  Kelvin.  Onnes  received  a  Nobel  prize  in  1913.  In  the 
superconducting  state,  an  electrical  current  persists  undiminished  for  weeks.  During  the  1950s 
and  1960s,  there  were  hundreds  of  new  superconductors  discovered  and  a  transition 
temperature  of  232  *K  for  NbjGe  was  achieved  in  1973.  With  expensive  liquid  helium 
refrigeration,  high  magnetic  fields  can  be  developed  with  these  materials  that  are  required  for 
nuclear  magnetic  resonance  medical  imaging  and  will  be  required  for  the  Superconducting 
Super  Collider  (SSC)  project  In  1986  Johannes  Bednorz  and  Karl  Muller  discovered  a  new 
oxide  superconduaor,  barium  lanthanum  copper  oxide,  with  a  transition  temperature  of  about 
35  •  K.  They  received  a  Nobel  prize  in  1989.  Within  a  year  of  their  announcement  new  oxide 
superconductors  were  discovered  having  trarisition  temperatures  greater  than  the  boiling  point 
of  nitrogen,  77  *  K.  These  discoveries  opened  the  possibility  of  devices  operating  with  relatively 
inexpensive  liquid  nitrogen  refrigeration.  At  a  March  1987  meeting  of  the  American  Physical 
Society,  a  session  on  high  temperature  superconductivity  was  jammed  with  more  than  a 
thousand  scientists.  The  full  potential  of  oxide  superconduaors  is  a  long  way  off,  but  an 
international  race  to  transform  discovery  into  devices  and  products  is  in  full  swing. 

Almost  a  hundred  years  ago,  the  synthesis  of  diamonds  was  claimed  by  Moissan,  but  it  was 
not  until  1955  that  Bundy,  Hall,  Strong,  and  Wentorf  at  the  General  Electric  Co.  announced 
successful  diamond  synthesis  at  high  temperatures  and  intensely  high  pressures.  This  is  now 
a  commercial  manufacturing  process.  At  about  the  same  time  William  G.  Eversole  at  Union 
Carbide  successfully  synthesized  diamond  from  the  vapor  phase  at  low  pressures.  After  a  lull 
of  more  than  two  decades,  Russian  work  (Spit^  and  Bouilov  and  Deijaguin)  published  in 
1981  and  Japanese  work  (Kamo,  Sato,  Matsumoto  and  Setaka)  published  in  1983  showed  that 
crystalline  diamond  could  be  grown  on  a  non-diamond  substrate  from  a  gaseous  mixture  of 
hydrogen  and  methane.  This  presaged  the  likelihood  of  commercial  irmovation.  Diamond 
is  the  hardest  substance  known,  the  best  heat  conductor,  transparent  over  a  wide  spectrum  and 
with  attractive  electrical  properties  for  a  number  of  applications.  In  December  1990,  Science 
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magazine  (p.  1640)  described  the  vapor  synthesis  of  diamond  to  be  a  "glittering  prize  for 
materials  science".  Wear  resistant  coatings  for  cutting  tools,  heat  sinks  for  electrical 
components,  special  windows  and  tweeters  in  stereo  speakers  are  commercial  products  in  a 
nascent  industry. 

Silicon  nitride  is  a  material  combining  low  density,  high  hardness  and  high  strength  at  high 
temperatures  together  with  a  resistance  to  oxidation  that  allows  it  to  replace  or  extend  the 
performance  of  metal  parts  operating  at  or  subject  to  high  temperatures.  The  anticipation  of 
being  able  to  construct  high  temperature  more  efficient  gas  turbines  led  to  the  initiation  of 
a  senous  development  program  in  Britain  during  the  1950s.  This  was  taken  up  again  in  an 
ambitious  series  of  demonstration  engines  during  the  1970s.  The  U.S.  Department  of  Defense 
funded  a  program  with  Ford  which  led  to  the  demonstration  that  an  automotive  ceramic  gas 
turbine  engine  was  feasible;  the  Garrett  Turbine  Engine  Company  operated  a  turboprop 
engine  containing  silicon  nitride  parts;  Kyocero  Corporation  in  Japan  operated  a  three 
cylinder  silicon  nitride  diesel  automotive  engine.  During  this  decade,  there  were  continuing 
improvements  in  compositions,  processes,  properties  and  design  with  brittle  materials.  In  the 
late  1970s,  commercial  silicon  nitride  cutting  tools  came  to  the  market  and  in  the  1980s, 
silicon  nitride  ball  bearings,  automotive  diesel  engine  glow  plugs  and  swirl  chambers  in  rocker 
arm  wear  pads  were  introduced  by  Mazda,  Isuzu,  Toyota  and  Mitsubishi.  More  complex  parts, 
high  performance  turbocharger  rotors,  were  first  introduced  into  commercial  production  in 
1985.  The  high  cost  of  materials  and  reliable  processing  must  be  substantially  lowered  for 
large  scale  cost-competitive  replacement  of  metals  by  silicon  nitride  structural  ceramics.  At 
present  the  total  annual  sales  of  this  infant  industry  are  about  $200  million. 

Comparisons  of  Japanese  and  American  invention  and  innovation  is  not  a  novel  activity. 
More  than  ten  years  ago,  Constance  Holden  {Science,  210,  p.  751,  Nov.  1980)  reported  in  a 
House  of  Representatives  report:  "We  believe  that  the  Japan  rate  of  industrial  progress  and 
stated  economic  goals  should  be  as  shocking  to  Americans  as  was  Sputnik".  She  went  on  to 
bring  out  most  of  the  generalizations  that  have  been  many  times  elaborated.  It  is  our  hope 
that  a  more  narrow  focus  on  advanced  materials,  on  nascent  industries  and  on  the  influences 
of  culture  will  provide  an  immediacy  and  depth  to  our  discussions  of  national  differences  and 
the  rates  of  iimovation  with  new  products.  We  all  appreciate  that  there  is  a  great  deal  of 
diversity  in  both  nations  in  the  size,  complexity  and  wealth  of  organizations  which  generate 
innovations.  By  focusing  on  nascent  industries  and  considering  separately  the  contributions  of 
different  innovating  organizatiorus  such  as  national  laboratories,  universities,  large  corporations 
and  small  entrepreneurial  firms,  we  may  hope  to  relate  residual  differences  in  innovation 
styles  with  cultural  variation.  We  may  ask  whether  the  effectiveness  of  different  irmovating 
units  reflect  culturally  based  priorities  and  whether  national  preferences  exist  for  innovation 
in  nascent  or  mature  industries. 

As  we  examine  the  record,  we  find  that  some  Japanese  and  American  innovations  have 
occurred  nearly  simultaneously.  In  Japan  the  locus  of  research  irmovations  has  been  more 
effective  at  national  laboratories  than  in  the  United  States.  In  contrast  it  seems  that  more 
innovatio.iS  have  come  from  universities  in  the  United  States  than  occurs  in  Japan.  We  may 
ask  whether  these  and  other  similarities  and  differences  in  the  nature,  rate  and  direction  of 
irmovations  in  advanced  materials  can  be  explained,  wholly  or  in  part,  as  a  result  of  cultural 
differences,  social  organization,  corporate  structure,  management  style,  the  cost  of  capital, 
government  policies  or  pure  chance.  Addressing  these  questions  requires  considering 
innovation  as  a  socio-technological  process  embedded  in  a  cultural  and  social  context. 

When  we  question  how  culture  and  social  context  affect  innovation,  we  may  inquire  as  to 
the  effectiveness  of  communication  between  designers,  engineers  and  users.  We  may  ask  if 
the  record  shows  that  Americans  are  better  at  bold  new  theories  and  Japanese  better  at 
incremental  improvements,.  If  so,  can  we  attribute  this  to  different  educational  systems  as  has 
often  been  suggested?  Americans  generally  believe  that  design  by  comiriutee  is  catastrophic 
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while  Japanese  seem  much  more  comfortable  with  that  process.  Does  this  suggest  that  the 
style  of  Japanese  and  American  innovation  differ  rather  than  the  content  That  is,  can  there 
be  group  consensus  innovation  in  Japan  which  is  as  effective  as  directed  team  innovation  in 
the  United  States?  We  may  ask  what  accounts  for  the  success  of  Japanese  national 
laboratories.  Again,  in  addressing  cultural  content,  we  may  ask  whether  advanced  material 
innovations  occur  in  the  same  mode  as  agricultural  innovations  or  as  innovations  in  mature 
industries.  Wc  may  ask  if  laboratory,  village,  corporate  and  household  mobilization  of  labor 
follow  the  same  patterns.  Two  major  differences  of  Japanese  and  Amercan  life  are  the  strong 
"vertical"  social  structure  in  Japan  and  Japanese  group  consensus  decision-making  versus 
American  directed  team  approach.  Wc  may  ask  how  these  cultural  differences  affect 
invention  and  innovation.  It  is  by  considering  and  answering  some  of  these  questions  that  we 
may  add  context  to  our  understanding  of  innovation  in  Japan  and  the  United  States. 

To  address  these  sorts  of  questions,  the  conference  included  several  presentations  and 
extended  discussions  of  general  and  particular  contexts  of  technological  innovation.  Some  of 
these  are  brought  together  in  the  next  seaion  of  this  report.  As  background  material  for  the 
participants,  Eric  Poncelet  prepared  a  report  on  a  Cultural  Comparison  Contrasting  Japan  and 
the  United  States  and  another  report  on  Cultural  Influences  on  Japanese  and  American 
Approaches  to  Technological  Irmovation.  IThese  review  a  large  literature  in  a  way  that  brought 
all  participants  up  to  a  level  playing  field.  From  the  Japanese  point  of  view  Shin-Pei  Matsuda 
of  Hitachi  Research  Laboratory  presented  his  impression  of  culmral  influences  on  Japan. 
Jacques  Maquet  of  UCLA  presented  a  stimulating  anthropological  approach  toward  Japanese 
and  American  approaches  to  irmovation  in  the  arts.  Focusing  on  the  particular  case  of  cultural 
basis  for  innovation  styles  in  Japan  and  the  United  States  and  the  implication  of  these  for 
competitiveness.  Stephen  Kline  who  is  professor  of  Mechanical  Engineering  and  also  of 
Values  Technology  Science  and  Society  at  Stanford  University  provided  a  detailed  evaluation 
of  the  nature  of  technology,  the  concept  of  irmovation,  the  failures  of  a  simple  linear  model 
which  is  often  assumed  and  the  necessity  that  it  be  replaced  with  a  more  complex  model  in 
order  to  understand  the  nature  of  innovatiott  His  repon  emphasizes  the  socio-technical  namre 
of  industry  and  technology  and  the  necessity  to  look  at  it  as  a  complex  system.  With  these 
models  in  mind,  he  was  able  to  discuss  irmovation  in  Japan  and  its  relationship  to  Japanese 
culmral  norms.  The  conference  is  mostly  concerned  with  invention,  nascent  industries  and 
infant  industries;  David  Kingery  presented  some  conjecmres  about  innovation  in  advanced 
materials  within  these  contexts. 

There  were  four  additional  contributions  that  provided  the  conference  with  a  framework 
for  thinking  about  irmovation.  Robert  Cutler  provided  a  discussion  of  Japanese  and  American 
technology  transfer  practices.  Mary  Buckett,  a  graduate  smdent  who  spent  time  in  Japan, 
provided  a  student’s  view  of  the  Japanese  research  environment.  Toshimasa  Kii,  a  sociologist 
with  experience  advising  American  and  Japanese  companies  about  the  management  of 
technology,  described  differences  of  management  and  organizational  behavior  that  are 
important  in  establishing  effective  communications.  Finally,  Robert  Netting,  a  distinguished 
cultural  anthropologist  provided  an  anthropological  perspective  on  Household  Agricultural 
Technology  and  the  models  it  suggested  for  the  behavior  of  modem  technological  innovation. 

The  conference  then  discussed  specific  histories,  the  first  of  which  was  High  Temperature 
Oxide  Superconductors.  This  discussion  was  led  on  the  Japanese  side  by  Prof.  Koichi 
Kitazawa,  a  distinguished  researcher  at  the  University  of  Tokyo  with  an  intemation^ 
reputation  in  oxide  superconduaor  studies.  Dr.  Shin-Pei  Matsuda,  director  of  Hitachi’s 
Superconductor  Research  Center,  provided  another  Japanese  point  of  view.  On  the  American 
side  Dr.  David  Larbalestier,  Director  of  the  Applied  Superconductor  Laboratory  at  the 
University  of  Wisconsin,  Prof.  Rustum  Roy  of  Pennsylvania  State  University  and  Dr.  Alan 
Wolsky  of  the  Argonne  National  Laboratory  provided  different  viewpoints  on  the  technolog\' 
and  its  innovations. 
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On  the  subject  of  Low  Pressure  Diamond  Synthesis,  one  of  the  pioneers  in  the  field  and 
a  continuing  contributor  to  the  technology,  Prof.  John  Angus  of  Case  Western  Reserve 
University,  Prof.  Rustum  Roy  of  Pennsylvania  State  University  and  Dr.  John  Ogren  of  TRW 
provided  different  viewpoints  on  the  American  experience.  On  the  Japanese  side  Dr. 
Mutsukazu  Kamo  and  Dr.  Yusuke  Moriyoshi  provided  input  from  the  NIRIM  laboratory  in 
Tsuki^ba  City  where  many  of  the  technical  innovations  were  developed. 

In  the  discussion  of  silicon  nitride  structural  ceramics  Japanese  innovations  were 
represented  by  Kazuo  Kobayashi  of  Nagasaki  University  and  by  Dr.  Yo  Tajima  of  NGK  Spark 
Plug  Company  which  is  one  of  the  world’s  leading  manufacturers  of  silicon  nitride  material. 
On  the  American  side  David  Richerson  now  at  Ceramatec  but  previously  an  active  researcher 
at  Norton  Company  and  at  Garrett  Turbine  Company  was  disoission  leader.  Dr.  R.  N.  Katz, 
now  at  Worchester  Polytechnic  Institute  but  formerly  director  of  the  AMRAC  Program  on 
ceramics  for  gas  turbines.  Dr.  Arthur  McLean  former  manager  of  the  Ford  Motor  Company 
program  on  the  advanced  turbines  and,  from  a  different  viewpoint.  Dr.  Richard  Bradt,  now 
dean  of  the  Mackay  School  of  Mines  at  the  University  of  Nevada-Reno,  participated  in 
discussions. 

A  number  of  people  with  technical  backgrounds  participated  in  discussions  of  the 
management  of  innovation.  Dr.  Daniel  P.  Button,  Dupont  Japan  Technical  Center,  was  able 
to  discuss  Dupont’s  experience  both  in  Japan  and  the  United  States.  Dr.  J.  Tait  Elder  was  a 
venture  leader  at  3M  Company  and  is  now  a  management  consultant.  Prof.  Kazuo  Kobayashi 
now  at  Nagasaki  University  was,  until  last  year,  director  of  a  MlTl  research  laboratory  in 
Kyusho.  Dr.  Gina  Kritchevsky  is  director  of  Corporate  New  Business  Development  of  the 
Donnelly  Corp.  Arthur  McLean  was  manager  of  the  Ford  Motor  Company  research  program 
on  ceramic  automobile  gas  turbine  materials.  Prof.  Richard  Swalin,  now  at  the  University  of 
Arizona,  is  the  former  vice  president  for  research  at  Allied  Chemical  Corp,  Dr.  Seiichi 
Watanabe  is  Director  of  the  Central  Research  Center  of  Sony  Corp.  There  was  thus  present 
a  rich  collection  of  innovation  managers  familiar  with  general  management  concerns  and 
having  a  close  involvement  with  technological  iimovation. 

Along  with  the  specialists  and  managers  in  discussing  the  role  of  culture,  we  were  fortunate 
to  have  a  distinguished  group  of  anthropologists  and  sociologists  who  actively  participated  in 
the  discussions.  These  included  Robert  McC.  Adams,  Secretary  of  the  Smithsonian  Institution, 
Toshimasa  Kii,  a  sociologist  familiar  with  Japanese  and  American  technology,  Dr.  William 
Longacre,  head  of  the  Anthropology  Department  at  the  University  of  Arizona,  Dr.  Jacques 
Maquet,  professor  of  anthropology  at  UCLA,  Prof.  Robert  Netting,  cultural  anthropologist  at 
the  University  of  Arizona,  Prof.  Brian  Pfaffenberger,  anthropologist  and  historian  of 
technology  at  the  University  of  Virginia,  Dr.  Michael  Schiffer,  professor  of  archaeology  at  the 
University  of  Arizona,  and  Prof.  Thomas  Weaver,  professor  of  cultural  anthropology  at  the 
University  of  Arizona.  In  addition  to  these  anthropologists,  there  were  a  number  of 
participants  who  had  close  interactions  with  the  relationships  between  universities, 
government,  national  laboratories  and  industrial  corporations  including  Prof.  Richard  Bradt 
of  the  University  of  Nevada-Reno,  Dr.  Robert  Cutler,  formerly  with  the  NSF,  Prof.  Kenneth 
Jackson,  formerly  with  Bell  Laboratories  and  now  at  the  University  of  Arizona,  Prof.  Koichi 
Kitazawa  at  the  University  of  Tokyo,  Prof.  Kazuo  Kobayashi  now-  at  Nagasaki  University  but 
formerly  director  of  a  MITI  laboratory.  Dr.  Rusrum  Roy  a  leading  materials  scientist  who  is 
also  one  of  the  founders  of  the  STS  movement  in  the  United  States,  Prof.  Donald  R. 
Uhlmann,  head  of  the  Department  of  Materials  Science  and  Engineering  at  the  University  of 
.Arizona,  Dr.  Alan  Wolsky,  director  of  Energ\  and  Environmental  Systems  at  the  Argonne 
National  Laboratory,  and  Dr.  Peter  Morgan,  Rockwell  International  who  spent  six  months  as 
a  visiting  researcher  at  the  Hitachi  Research  Laboratory  in  Japan. 

For  intense  topical  discussions,  the  conference  divided  into  w'orking  groups  focussed  on 
high  temperature  oxide  superconductors,  low  pressure  diamond  synthesis,  silicon  nitride 
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Structural  ceramics  and  management  of  innovation.  Each  of  these  working  gr^^  summarized 
its  discussions  and  presented  them  to  the  conference  participants  meeting  as  a  whole.  Four 
sections  of  the  repon  are  devoted  to  the  discussion  of  these  working  groups. 

Finally,  there  were  insightful  commentaries  presented  by  all  of  the  participants  during  the 
meeting  and  some  of  these  have  been  collected  together  as  a  separate  section  of  this  report. 
With  these  we  have  included  an  informal  report  of  oral  discussions,  based  on  our  notes  of  the 
meeting.  In  attempting  to  summarize  the  conference  proceedings,  we  are  faced  with  the 
problem  that  the  influence  of  culture  and  social  context  on  technological  innovation  is  an 
inherently  messy  subject.  For  instance,  there  has  been  in  recent  years  a  national  furor  for 
technology  in  Japan,  a  technological  enthusiasm  that  recalls  ^e  context  of  American 
technology  at  the  turn  of  the  century.  In  American  Genesis  (Viking  Penguin,  New  York,  1989, 
p.  1),  Thomas  P.  Hughes  recalls  an  image  presented  by  historian  and  literary  critic  Perry 
Miller  of  Americans  who  "flung  themselves  into  the  technological  torrent,  how  they  shouted 
with  glee  in  the  midst  of  the  cataract,  and  cried  to  each  other  as  they  went  headlong  down  the 
chute  that  here  was  their  destiny...."  (Perry  Miller,  The  American  Scholar,  xxxi,  51-69,  1961-62). 
TTiis  pretty  well  describes  Japan  of  the  1970’s  and  1980s.  In  this  same  more  recent  period, 
the  national  consensus  about  technology  in  America,  if  any,  was  rather  one  of  deep  concern 
over  Three  Mile  Island,  the  Challenger  disaster,  holes  in  the  ozone  layer,  global  heating  and 
so  forth.  1  am  convinced  that  these  different  national  attitudes  deeply  affect  the  ways  in  which 
the  science  and  engineering  communities,  national  laboratories,  universities,  CEO’s,  corporate 
managements,  government  agencies,  legislators  and  ordinary  citizens  approach  nascent 
technology  and  high-value-added  new  products.  But  I  must  admit  that  I  have  no  way  of 
quantitatively  measuring  what  may  be  one  of  the  most  important  aspects  of  the  cultural 
context  within  which  these  developments  are  embedded. 
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INNOVATION  IN  CONTEXT 


During  the  conference  sever.  1  participants  prepared  and  presented 
discussions  of  topics  affecting  the  role  of  Japanese /Ainerican  cidture  on 
technological  innovation  in  advanced  materi^.  In  this  section  we  have 
collected  a  number  of  those  presentations  which  range  from  very  general 
discussion  of  Japanese  and  American  culture  to  very  personal  reports  of 
individual  experiences  and  perceptions  of  innovation  in  context 
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JAPAN  AND  THE  UNITED  STATES:  A  CULTURAL  COMPARISON 


Eric  C.  Poncelet,  University  of  Arizona 


Introdoctioii 

There  are  two  general  schools  of  thought  which  may  be  considered  in  regards  to  the 
analysis  of  Japanese  and  American  approaches  to  technological  innovation.  The  first,  known 
as  the  Universal  or  "Organizational"  approach,  stresses  the  universality  of  organizational 
prindpies  and  has  been  heavily  pursued  by  economists  and  business  administration  scholars. 
An  example  of  this  school  and  one  which  focuses  on  managerial  factors  in  specific  is  the  work 
of  William  Ouchi  (1981)  on  Theory  Z*}  The  second  school,  known  as  the  Cultural/Historical 
approach,  considers  approaches  to  technological  innovation  to  be  outgrowths  of  cultural 
tradition  as  molded  by  historical  experience.  This  second  school  of  thought,  where 
technological  innovation  is  examined  within  the  context  of  culture  and  sodety,  will  be  the 
focus  of  our  discussion. 

The  purpose  of  this  paper  is  to  examine  Japanese  and  American  cultures  in  the  areas  which 
influence  their  respective  approaches  to  technological  innovation.  The  discussion  is  broken 
down  into  three  main  and  interrelated  sections:  1)  general  cultural  characteristics;  2)  sodal 
structure;  and  3)  ecological,  economic  and  political  histories.  In  each  section,  characteristics 
from  Japan  and  the  U.S.  will  be  compared  and  contrasted. 

Before  commencing  the  comparison,  a  definition  of  the  word  "culture"  is  in  order.  The 
term  "culture",  as  used  here  refers  to: 

...the  patterns  of  behavior  and  belief  common  to  members  of  a  sodety.  It  is  the  rules  for 
understanding  and  generating  customary  behavior.  Culture  indudes  beliefs,  norms, 
values,  assumptions,  expectations,  and  plans  for  action.  It  is  the  framework  with  which 
people  see  the  world  around  them,  interpret  events  and  behavior,  and  react  to  their 
perceived  reality  (Spradley  &  Rynkiewich  1975). 

Cidture  is  learned  and  shared  by  members  of  the  same  sodety.  It  develops  as  a  way  of 
understanding  and  coping  with  a  particular  environment,  and  it  changes  continuously  over 
time.  Finally,  culture  i^uences  and  is,  in  turn,  influenced  by  many  aspects  of  human 
existent  induding  religion  and  myth,  language  and  communication,  the  creative  arts,  sodal 
structure,  education,  the  environment,  economics  and  politics. 

This  type  of  large-scale  cultural  comparison,  or  "national  charaaer"  study,  always  runs  the 
risk  of  succumbing  to  misleading  stereotypes.  For  instance,  almost  every  trait,  good  and  bad, 
has  at  some  time  been  attributed  to  ^e  American  and  Japanese  peoples.  Numerous 
explanations  have  been  advanced  to  account  for  the  attributed  dualities  to  the  point  that  sodal 
sdentists  have  spent  much  time  and  energy  simply  debating  the  validity  of  the  concept  of 
"national  character”.  Consequently,  it  is  important  to  recognize  that  the  descriptions  of 
cultural  patterns  presented  in  this  paper  are  not  meant  to  be  absolutes  but  merely 
representative  of  the  dominant  forms  found  in  each  sodety.  We  believe  that  this  broad-based 
approach  is  quite  useful  in  serving  our  ultimate  goal  of  relating  Japanese  and  America 
cultural  influences  to  technological  innovation. 

General  Cultural  Characteristics 

The  outline  for  this  first  section  on  general  cultural  charaaeristics  is  broken  down  into  four 
parts:  a  discussion  of  values  and  attitudes,  religions  and  mythologies,  language  and 
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communication,  and  approaches  to  art.  The  last  three  parts  may  be  considered  as  symbols 
or  direa  manifestations  of  culture. 

Values  and  Attitudes 

Values  are  conceptions  of  what  is  desirable.  They  serve  as  criteria  for  judgment,  preference 
and  choice.  They  are  not  individual  goals  or  activities  but  are  instead  the  rules  by  which  goals 
are  selected  and  activities  chosen.  Attimdes  are  the  enactment  of  these  values,  and  both  of 
them  change  over  time.  Many  traditional  values  in  Japan  and  the  U.S.  have  carried  on  to  the 
present  while  others  have  weakened.  When  you  consider  the  effects  of  these  changes  in 
addition  to  the  great  complexity  of  cultural  systems,  it  is  not  surprising  that  contradictions  and 
conflicts  exist  in  the  value  systems  and  attimdes  of  Japan  and  the  U.S.  However,  these 
contradictions  and  conflicts  are  somewhat  resolved  by  their  overall  integration  into  society. 

The  discussion  below  turns  now  to  some  fundamentid  differences  in  Japanese  and  American 
values  and  attimdes.  While  the  total  list  of  differences  is  extensive,  we  have  narrowed  them 
down  to  the  areas  we  find  most  pertinent  to  each  country’s  approach  to  technological 
innovation.  These  areas  include  different  values/attimdes  towards:  individuals  and  groups, 
confrontation  and  conformity,  self-reliance  and  dependence,  motivation,  competition,  respon¬ 
sibility,  mobility,  change,  freedom,  personal  relations,  work,  temporal  orientation,  and  science 
and  technology. 


Individuals  and  Groups 


In  traditional  Japan,  individualism  was 
not  held  in  especially  high  regard.  The 
development  of  ego  control  (i.e.  the 
capacity  to  act  according  to  one’s  own 
judgments  and  beliefs)  was  inhibited  from 
infancy,  and  personality,  ambitions,  and 
feelings  were  submerged  in  the  interest  of 
the  family  unit  This  emphasis  on  stan¬ 
dardization,  uniformity  and  conformity 
inhibited  the  development  of  individual 
initiative,  self-expression  and  realization, 
and  personal  responsibility  (in  the  western 
sense).  In  society,  it  was  considered  brash 
for  an  individual  to  make  decisions  or 
even  to  simply  urge  the  acceptance  of  an 
individual  opinion.  The  indMdual  Japa¬ 
nese  was  not  an  autonomous  whole  but  a 
fraction  of  the  whole.  It  was  the  group 
that  was  the  primary  point  of  reference. 
Group  welfare  and  security  was  consid¬ 
ered  more  important  than  individual  wel¬ 
fare  and  autonomy.  However,  as  indi¬ 
viduals  and  group  were  fused  into  one,  it 
was  impossiJ}le  for  individuals  to  belong  to 
more  than  one  group.  In  more  recent 
times,  individual  values  have  become  more 
increasingly  prized  so  long  as  they  do  not 
lead  to  nihilistic  self-centeredness  or  self¬ 
ishness. 


Individualism  in  the  U.S.  is  more  highly 
valued,  and  the  point  of  reference  is  the 
self  instead  of  the  group.  According  to 
American  individualism,  each  person  has 
within  himself  the  right  to  make  his  own 
decisions,  develop  his  own  opinions,  solve 
his  own  problems,' have  his  own  things, 
learn  to  view  the  world  from  his  own 
perspective,  and  make  it  or  break  it  in  life 
on  the  basis  of  his  own  judgments.  The 
emphasis  on  individualism  is  perhaps  the 
most  influential  American  value  of  all 
because  it  permeates  all  of  the  other 
values.  Group  afGliation  is  also  encour¬ 
aged,  but  this  applies  primarily  to  volun¬ 
tary  organizations  and  multiple-group  af- 
tiliation,  strucmres  not  commonly  found  in 
Japan. 
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Confrontation  and  Conformity 

Confrontation  is  generally  avoided  in  When  faced  with  a  problem,  Americans 

Japan,  and  because  confrontation  often  like  to  get  to  its  source,  and  confrontation 

necessitates  avenging  one's  honor,  indirec-  has  traditionally  been  a  highly  valued 

tion  is  heavily  used  to  preserve  harmony.  means  of  accomplishing  this.  Americans 

This  desire  for  harmony  is  strong  and  also  tend  to  be  unwilling  to  compromise 

ultimately  results  in  an  emphasis  on  con-  over  "prindpies’*.  Compromising  solely  for 

formity.  However,  this  conformity  is  not  the  purpose  of  maintaining  group  harmony 

simply  passive  obedience.  It  also  indudes  is  considered  to  be  equivalent  to  selling 

conformity  to  ghanging  situations  and  con-  out  one’s  prindpies. 
tributes  to  the  competition  between 
groups. 

Self-Reliance  and  Dependence 

Along  the  lines  of  suppressing  individ-  In  line  with  "rugged"  individualism,  self- 

ualism,  the  Japanese  have  long  preferred  reliance  is  also  highly  valued  in  the  U.S. 

dependence  over  self-reliance.  The  The  virtuous  man  in  the  U.S.  is  one  who 

Japanese  do  not  acmally  stress  being  "owes  nothing  to  any  man".  However,  this 

dependent  Rather,  mutual  dependence  is  emphasis  on  self-reliance  is  accompanied 

simply  taken  for  granted-  This  desire  for  by  a  fear  of  dependence,  itself  considered 

belongingness  has  become  a  necessary  as  weak  or  immature,  which  ultimately 

basis  for  establishing  identity,  and  it  is  creates  insecurity  due  to  the  denial  of  the 

fueled  by  the  fear  of  being  left  alone  or  importance  of  others.  This  insecurity 

ostracized  by  the  group.  manifests  itself  in  the  lack  of  permanency 

in  relationships,  jobs,  and  families. 

Motivation 

Motivation  in  Japan  has  been  tradi-  For  Americans;  individual  externalized 

tionally  based  on  the  normative  values  of  achievement  is  the  dominant  motivating 

indebtedness,  loyalty,  and  social  and  moral  factor  although  ascription  also  exists  as  a 

obligations  (espedaily  to  one’s  family).  variation.  There  is  also  a  national  conti- 
Achievement,  as  it  is  oriented  toward  dence  in  effort.  The  basic  belief  is  that 

merit  acquired  by  individual  contributions  one  only  has  to  try  to  succeed.  Failure  is 

to  the  goals  of  the  group,  has  also  been  a  attributed  to  the  lack  of  will  or  effort  on 
powerful  motivator.  More  recently,  per-  the  part  of  the  individual.  Other  sources 
sonal  and  family  happiness,  economic  of  motivation  include  upward  mobility,  in¬ 
pursuits  and  profit,  leisure  time,  and  con-  creased  social  status,  a  drive  for  security, 

sumerism  have  increased  in  importance  as  and  profit  This  American  success  ethic  is 

sources  of  motivation.  essentially  a  simplified  product  of  the 

Protestant  ethic  where  individual  success 
has  replaced  spiritual  salvation. 

Comoetition 

• 

In  Japan,  individual  competition  is  In  the  U.S.,  competition,  be  it  indi- 

generally  avoided.  Competition  between  viduai,  within  groups,  or  between  groups, 
groups,  on  the  other  hand,  is  highly  valued  is  highly  valued  as  a  means  for  achieving 
as  a  means  of  encouraging  unanimity  of  success, 
eflfort  with  a  group. 
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Responsibility 

In  Japan,  responsibility  is  diffused  in  the  In  the  U.S.,  responsibility  tends  to  be 

group.  Each  group  member  shares  the  compartmentalized  and  is  individually 
responsibility  of  every  other  member.  maintained. 


Mobility 


Mobility  in  Japan,  especially  as  it  affects 
the  permanence  within  a  group,  has  never 
been  highly  valued.  Emphasis  has  been 
placed  instead  on  maintaining  one’s  per¬ 
sonal  relations.  This  value  draws  its  roots 
from  the  importance  of  sedentism  to  the 
village  production  of  rice. 


In  the  U.S.,  a  high  value  is  placed  on 
mobility.  Indeed,  mobility  has  proven  to 
be  a  phenomenally  successful  economic 
strategy  for  Americans  in  general  going  all 
the  way  back  to  the  expansion  of  the 
American  frontier. 


Change 


In  Japan,  emphasis  has  long  been 
placed  on  the  supremacy  of  custom.  A 
traditional  fear  of  isolation  has  led  to  a 
deeply  rooted  conservatism  which  dislikes 
change  and  avoids  initiatives.  Of  late,  and 
riding  the  coat-tails  of  recent  economic 
success,  risk-taking  has  begun  to  rise  in 
value. 


In  the  U.S.,  there  is  a  strong  impetus  to 
discard  old  ways  and  adopt  new  ones. 
However,  long  term  political  and  eco¬ 
nomic  stability  have  resulted  in  an 
increased  impetus  for  Americans  to  rest 
upon  their  laurels. 


Freedom 


The  Japanese  traditional  ideology  of  life 
may  be  described  as  a  resignation  to  the 
"irresistible"  realities.  One  does  not  find 
imbedded  within  this  ideology  the  same 
notion  of  freedom  found  in  the  West. 
Instead,  life  is  conducted  without  indepen¬ 
dent  thought  and  is  accompanied  by  a 
deferment  to  the  status  quo.  Maximum 
individual  freedom  is  obtained  when  very 
young  (a  time  of  no  shame)  or  very  old  (a 
time  when  obligations  to  society  are  small 
or  none). 


Americans  treat  freedom  as  an  inalienable 
right.  For  Americans,  freedom  means  that 
they  will  be  subject  to  minimal  external 
constraint  in  pursuing  their  desires.  This 
also  implies  a  freedom  to  deviate  from  the 
norm.  In  the  U.S.,  maximum  individual 
freedom  is  obtained  as  an  adult. 


Personal  Relations 


Personal  relations  in  Japan  are  charac¬ 
terized  by  both  a  deep-felt  need  to  be 
nurtured  in  a  sympathetic,  understanding 
and  harmonious  environment  and  an 
outward  fear  of  incurring  or  creating 
unnecessary  obligations.  Hence  arises  the 
Japanese  preference  for  the  protection 
provided  by  a  group.  Friendships  within 
the  group,  when  they  do  occur,  are 
marked  by  high  emotional  content  and 
typically  extend  into  the  private  lives  of 


Personal  relations  in  the  U.S.  are  less 
characterized  by  a  fear  of  adversarial  rela¬ 
tions  than  in  Japan.  They  tend  to  be 
numerous  but  lacking  in  permanence  and 
depth.  Hence,  they  are  distinguished  by 
more  frequent  changes  in  friendships  and 
group  memberships.  On  the  whole, 
Americans  do  not  feel  the  pressure  of 
obligations  or  reciprocity  more  common  in 
Japan. 
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the  actors.  New  forms  of  personal  rela¬ 
tions,  however,  suggest  a  change  in  the 
Japanese  lifestyle  toward  individuation 
and  a  decrease  in  the  sense  of  social 
obligation  and  reciprocity. 


Approach 

The  traditional  Japanese  approach  to 
work  is  based  on  an  ethic  characterized  by 
perseverance,  discipline,  and  curiosity. 
However,  the  will  and  desire  to  pursue 
this  ethic  comes  from  obligations  arising 
from  the  individual  workers’  decision  to 
take  on  the  work,  not  from  coercion  from 
above.  Also  supporting  this  work  ethic  is 
occupational  training  emphasizing  the 
development  of  spiritual  strengths  such  as 
composure,  endurance,  acceptance,  social 
responsibility,  and  seif-reflection.  In 
recent  times,  hard  work  is  not  considered 
as  much  of  a  virtue  as  before.  More  of  an 
emphasis  is  now  being  placed  on  leisure 
and  the  comforts  and  pleasure  of  today’s 
consumer-oriented  society.  However,  high 
value  is  still  placed  on  producing  quality 
products. 


to  Work 

The  traditionai  American  approach  to 
work  is  heavily  influenced  by  the 
Protestant  ethic  which  equates  hard  work 
and  the  accumulation  of  material  wealth 
with  vinuousness.  Nevertheless, 
Americans  still  commonly  regard  work  as 
"toil  and  trouble",  something  that  a  person 
must  do  to  survive  but  not  necessarily  en¬ 
joy.  Work  is  distinguished  from  play,  but 
both  are  approached  with  the  same  sense 
of  seriousness. 


Temporal  Orientation 


Traditionally,  temporal  orientation  was 
focused  on  the  past  because  it  was  from 
the  past  that  Japan’s  distinctive  national 
charaaer  emerged.  Currently,  with  Japan’s 
rise  to  economic  power,  temporal  orienta¬ 
tion  has  shifted  to  the  future,  especially 
where  technological  issues  are  involved 
What  has  not  changed  though  is  the  high 
value  placed  on  duration  and  endurance. 


Temporal  orientation  in  the  U.S.  is 
primarily  directed  toward  the  future,  if  not 
the  immediate  future.  An  emphasis  is 
placed  on  immediate  gratiflcation. 
Americans  equate  time  with  money,  place 
an  accent  on  youthfulness,  and  maintain 
the  attimde  that  one  can  always  improve 
on  the  present 


Science  and 

Science,  for  the  Japanese,  refers  to 
applied  science  and  is  not  generally  per¬ 
ceived  as  being  separate  from  technology 
(or  manufacturing  for  that  matter). 
However,  the  Japanese  do  emphasize  the 
importance  of  technology  over  pure 
science.  Traditionally,  the  Japanese  atti¬ 
tude  toward  technology  has  been  one 
where  mastery  was  the  goal  and 
imitadveness,  as  a  step  toward  mastery, 
was  regarded  as  a  virtue.  This  emphasis  is 


Technology 

In  the  U.S.,  science  and  technology  are 
seen  as  separate,  and  of  the  two,  science 
(and  spedflcally  the  natural  sciences)  is 
given  a  higher  status.  Science  is  believed 
to  be  the  key  to  all  improvement,  and 
there  is  a  constant  drive  in  the  U.S.  to 
continue  creating  new  things.  Technology 
also  plays  an  important  part  in  this  but 
only  in  a  supporting  role  to  science.  This 
emphasis  on  science  is  evident  in  the  high 
number  of  Nobel  prizes  in  the  natural 


A. 


15 


evident  in  the  superiority  of  Japanese 
manufacturing  processes.  Finally,  tech¬ 
nology  and  technological  change  are  seen 
as  being  closely  related  to  culture  and 
cultural  change. 


sciences  garnered  by  the  U.S.  since  1900. 
Finally,  both  science  and  technology  are 
generally  perceived  as  being  independent 
of  culture. 


Religion  and  Mythology 

Religions  are  involved  with  man’s  attempts  to  gain  some  control  over  unpredictable  events. 
They  begin  where  science  and  technology  leave  off  and  play  an  important  role  in  determining 
world  view.  As  religions  and  myths  are  influenced  by  values  and  attitudes,  so  do  they 
influence  them  in  return. 

Religion  in  Japan  emerges  basically  from  three  non-exclusive  sources:  Shinto,  Buddhism, 
and  Confucianism.  Shintoism  is  the  oldest  religion  in  Japan  and  is  often  regarded  as  the 
indigenous  religion.  It  is  based  on  vague  conceptions  that  everything  in  nature  is  imbued  with 
some  degree  of  divinity.  Buddhism  was  brought  over  to  Japan  from  China  (via  Korea)  in  the 
sixth  century  AJD.  and  has  since  become  the  largest  religion  in  Japan.  Buddhism  brings  with 
it  the  belief  in  the  transcendental  and  a  sense  of  interconnectedness  with  the  world.  It  also 
introduces  a  deep  sense  of  impermanence,  the  concept  of  life  after  death,  and  compassion  for 
all  living  things.  Confucianism  stlso  imported  from  China,  is  both  a  religion  and  a  moral 
philosophy.  It  stresses  the  importance  of  ancestor  worship  and  filial  piety  and  places  an 
emphasis  on  obedience,  loyalty,  and  conformity  to  the  social  order.  The  assi^ation  of  these 
three  different  religions  into  Japanese  culture  is  very  complete.  The  Japanese  have  a  "this- 
worldly”  cast  of  mind,  and  no  concept  of  God  exists  abstractly  or  separate  from  the  human 
world. 

Religion  in  the  U.S.  differs  from  religion  in  Japan  in  that  it  is  both  a  spirimal  philosophy 
and  a  social  ethic  The  religious  beliefs  and  practices  are  highly  concerned  with  general 
morality  in  such  areas  as  family  relations,  sexual  customs,  and  dvic  responsibilities.  The 
dominant  form  of  religion  is  Christianity,  and  the  dominant  types  are  Protestantism  and 
Catholicism  Judaism  also  plays  a  major  role.  While  ail  of  these  religions  are  monotheistic 
they  see  themselves  as  separate  and  distinct  Religion  is  not  a  particularly  unifying  instimtion 
in  American  life,  and  the  spirit  of  the  country  is  rather  secular  and  rationalistic 

Mythology  in  Japan  is  dosely  related  to  the  Shinto  religion.  The  "origin  myth"  holds  that 
Japan  was  created  by  the  go^  and  goddesses  and  later  ruled  by  a  god  and  his  divine 
attendants.  The  Japanese  people  are  considered  to  be  the  direct  descendants  of  these  divine 
attendants.  Consequently,  both  the  land  and  the  people  of  Japan  are  held  to  be  divine.  The 
Japanese  also  have  a  vision  for  "utopia”.  While  the  word  itself  means  "no  place",  the  Japanese 
model  for  it  is  often  thought  to  be  some  distant  idealized  country  that  must  be  emulated  or 
surpassed. 

American  mythology  has  been  a  powerful  influence  in  the  minds  of  Americans,  and  of  all 
the  American  myths,  none  has  been  stronger  than  that  of  the  loner  moving  west  across  the 
broad  expanses  of  land.  This  is  the  myth  of  the  frontier  and  the  pioneering  spirit,  the  heroic 
romantic  cowboy  and  the  trailblazing  mountain  man.  This  pioneering  spirit  stresses  such 
values  as  individualism,  self-reliance,  autonomy,  mobility,  courage,  self-actualization,  personal 
growth  and  humanitarianism 

Religious  and  mythological  distinctions  between  Japan  and  the  U.S.  have  influenced  cultural 
differences  in  the  following  areas:  individual  vs.  group  emphasis,  linear  vs.  cyclical  orientation, 
relations  between  church  and  state,  and  science  and  tedmology. 


Individual  vs.  Group  Emphasis 

In  Japan,  devotion  is  not  usually  Christianity  is  a  religion  of  the  indi- 

directed  toward  something  transcendental 
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but  toward  something  connected  with  the  vidual.  There  is  only  one  God,  and  salva^ 
group.  There  is  no  belief  in  a  single  deity,  tion  is  achieved  on  an  individual  level 
but  there  is  a  heavy  emphasis  on  obedi¬ 
ence,  loyalty,  and  conformity  to  the  social 
order. 

Linear  vs.  Cyclical  Orientation 

In  Japan,  there  is  more  of  a  cyclical  Judeo-Christian  religions  follow  a  linear 

orientation  to  life  and  the  passage  of  time.  orientation  to  life  and  the  passage  of  time. 

Both  are  sequential  and  non-iterative. 

Relations  between  Church  and  State 

Japanese  religions  have  long  played  an  In  the  U.S.,  church  and  state  are  more 

influential  role  in  Japanese  politics.  A  strictly  separated.  While  support  from  the 

lack  of  separation  between  church  and  church  is  deemed  to  be  politically  impor- 

state  is  inherent  in  Confucian  ethics.  tant,  the  church  and  the  state  often  find 

From  Shintoism  arises  the  belief  in  the  themselves  in  somewhat  adversarial  posi- 

divine  ancestry  of  the  emperor  line  and  tions. 

the  association  of  the  state  with  moral 
consciousness.  Shintoism  has  played  an 
important  role  historically  in  unifying  the 
nation  and  bolstering  nationalism. 

Mythology,  Science  and  Technology 

In  Japan,  society  is  considered  to  be  In  the  U-S.,  the  myth  of  the  western 

"perfectible".  The  mastery  of  technology  frontier  has  been  replaced  recently  by  the 

has  played  an  imponant  role  in  pursuing  frontier  of  science.  TTiis  is  clearly  demon- 
idealized  or  utopian  states.  strated  by  the  role  played  by  the  U.S. 

space  program  over  the  past  thirty  years. 

Language  and  Communication 

Communication  is  the  process  of  transmitting  thoughts  and  ideas  from  one  mind  to  another, 
and  language  is  a  primary  means  for  accomplishing  this.  Other  forms  of  communication  in 
addition  to  language  include  proxemics,  kinesics,  and  writing.  Language  is  of  interest  here 
because  it  acts  as  a  mirror  for  the  culture  in  which  it  develops;  it  reflects  the  dominant  values 
and  attitudes  and  in  turn  influences  them.  Japanese  and  American  cultural  differences  are 
influenced  in  regards  to  the  following  areas:  the  communicative  role  played  by  language,  the 
relationship  of  language  to  social  structure,  and  the  level  of  directness/indirectness  with  which 
language  is  applied. 

Role  of  Language 

In  Japan,  language  is  only  one  of  many  The  U.S.  follows  a  tradition  which 

means  of  communication.  As  there  is  a  assumes  that  language  is  "the"  means  of 

strong  belief  that  verbal  language  is  not  communication.  A  thought  unspoken  is 

necessarily  the  best  medium  for  enhancing  considered  to  be  useless, 
human  understanding,  non-verbal  com¬ 
munication  plays  an  imponant  role. 

Today,  over-reliance  on  verbal  language  is 
still  considered  to  be  indicative  of  abrupt¬ 
ness,  immaturity,  and  possibly  dishonesty. 
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Relation  to  Sodal  Structure 


Language  in  Japan  constitutes  a  strong 
and  deeply  imbedded  verbal  status  systeuL 
Communication  between  persons  must 
include  specific  language  which  defines  the 
status  relationship  between  them. 
Communication  must  account  for  differ¬ 
ences  in  rank  and  gender.  Little  equality 
exists  in  communication. 


In  the  U.S.,  language  is  not  as  closely 
tied  to  status  or  social  structure.  Some 
forms  of  language  (e.g.  slang)  are  even 
used  as  expressions  of  affiliation  and 
social  conformity  in  order  to  transcend 
social  stratification. 


Direcmess  and  Indirecmess 


The  Japanese  are  very  sensitive  about 
the  use  of  incorrea  and  inappropriate  lan¬ 
guage.  They  must  be  language-conscious 
at  all  times  in  order  to  avoid  malring 
errors  or  statements  which  might  cause 
insult  or  violate  norms  of  gender  and 
social  hierarchy.  Overassertiveness  is 
generailv  avoided.  Consequently,  their 
speech  panems  are  characterized  by 
indirectness  and  ambiguousness  and 
reflect  their  inherent  desire  to  avoid 
conflict-causing  situations. 


For  Americans,  direct,  clear,  and  effec¬ 
tive  speech  is  highly  valued  and  consid¬ 
ered  to  be  practically  an  art  form.  Speak¬ 
ing  one’s  mind  and  "telling  it  like  it  is"  is 
encouraged,  and  less  regard  is  paid  to  the 
effects  of  one’s  speech  on  others. 


An 

Art,  like  language  and  communication,  is  also  expressive  of  national  character.  Japanese 
and  American  cultural  differences  are  revealed  by  the  manner  in  which  each  country’s  an  is 
intended  to  relate  to  ordinary,  everyday  life. 


Approach  to  An 


Japanese  an  is  seen  only  in  relation  to 
the  realities  and  emotions  of  ordinary  life. 
It  is  not  an  independent  creation  in  a 
realm  all  its  own  but  an  instrument  for  the 
beautification  of  the  whole  surrounding  in 
which  it  is  placed.  Both  fine  an  and 
decorative  an  are  intended  for  use  in 
everyday  life.  They  are  expressions  of  a 
cultural  inclination  toward  refining  and 
polishing  the  sensuous  world  of  the  here 
and  now.  Much  of  Japanese  everyday  life 
is  itself  regarded  as  art,  whether  this  be  a 
tea  ceremony  or  a  military  technique. 


American  an  follows  the  European 
model  which  considers  an  to  be  the 
expression  of  an  independent  life  of  its 
own,  a  life  which  transcends  ordinary 
human  existence.  American  an  deals  with 
abstract  life  and  is  performed  primarily  for 
its  own  sake.  Life  is  represented  not  as 
"being"  but  as  a  "search"  for  something 
else.  Even  when  it  is  performed  as  a 
means  of  self-expression,  American  an  is 
not  intended  for  practical  use  to  the  same 
extent  as  Japanese  art. 


Social  Structure 

The  second  main  section  of  this  discussion  concerns  social  structure.  Social  structure,  as 
the  term  is  utilized  here,  refers  to  the  interrelated  pans  and  roles  in  which  a  populace  is 
ordered  and  assigned.  It  also  assumes  that  the  component  instimtions  and  regularized  activi¬ 
ties  of  society  function  in  such  as  a  way  as  to  maintain  system  equilibrium.  Social  structure 
both  derives  from  and  derives  cultural  activity. 


This  section  on  sodal  ^juncture  will  be  broken  down  into  four  parts.  The  first  part  will 
discuss  the  key  features  of  Japanese  and  American  social  structure.  The  next  two  parts  will 
describe  two  major  components  of  social  structure:  the  family  and  industrial  organuation. 
The  final  part  will  discuss  education  systems  as  they  support  and  maintain  the  social  structure. 


Key  Features  of  Social  Soitaure 

due  Nakane  (1970)  has  described  two  main  and  inter-related  features  critical  to  the 
description  of  Japanese  and  American  soda!  structure:  group/individual  orientation,  and 
vertical /hnriznntal  structure.  These  will  be  discussed  in  relation  to  their  influences  on  frame 
vs.  attribute  emphasis,  occupational  systems,  and  structural  relations. 

Group/Individual  Orientation 

U.S.  society  fosters  individualistic  ten¬ 
dencies  rather  than  group-orientedness  in 


In  line  with  Japanese  values,  group 
orientation  takes  priority  over  individual 
orientation  in  Japanese  soda!  structure. 
Nakane  believes  that  all  of  Japanese  sodal 
organization  actually  stems  from  this 
group  consdousness  and  orientation. 
Groups  in  Japan  are  held  together  by  two 
means:  a  natural  feeling  of  solidarity 
between  group  members,  and  internal 
organization.  The  solidarity  between 
group  members  is  emotionally  based  and 
carries  with  it  an  "us"  versus  "them"  atti¬ 
tude.  It  becomes  difficult  for  the  group 
members  to  transcend  the  group  and  act 
individually.  Japanese  internal  organiza¬ 
tion  is  charaaerized  by  the  spirit  of 
familism.  Sodal  groups  demand  exdusive 
allegiance  from  their  members,  and  indi¬ 
viduals  must  be  primarily  absorbed  in  the 
group  from  which  they  derive  a  livelihood. 
People  feel  that  the  will  of  the  organiza¬ 
tion  will  grow  naturally  out  of  their  con¬ 
formity. 


American  sodal  structure.  An  individual 
may  be  a  member  of  many  groups  and  will 
be  inclined  to  give  preference  to  his  pri¬ 
vate  interest  over  that  of  any  of  the 
groups.  The  individual  will  also  be  more 
self-suffident  or  independent  when  it 
comes  to  personal  development  and  need 
satisfaction. 


Verticai/Horizontai  Structure 


In  Japan,  there  is  a  predominant 
emphasis  on  vertical  rather  than  horizon¬ 
tal  structure  orientation,  and  a  strong 
departmentalism  constructed  along  the 
vertical  tie  is  latent  in  all  sodal  groups. 
Vertical  structure  shapes  not  only  amtudes 
and  behavior  but  overshadows  everything 
else  induding  character,  personality,  pro¬ 
fession,  ability,  and  accomplishment.  This 
verticai  structure  is  most  prevalent  in 
larger,  older,  and  more  stable  groups. 


U.S.  sodal  structure  is  based  on  two 
basic  but  antithetical  prindples:  1)  the 
prindple  of  unequal  status  and  of 
superior/inferior  ranking,  and  2)  the  prin¬ 
dple  of  equality.  In  other  words,  U.S. 
sodal  structure  functions  not  only  on  the 
vertical  tie  but  on  the  horizontal  tie  as 
weU. 
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Emphasis  on  Frame  or  Attribute 


Nakane  has  described  the  criterion  for 
group  formation  in  Japan  as  stressing 
situational  position  in  a  panicular  frame 
(e.g.  locality)  rather  than  universal  attrib¬ 
ute  (e.g.  membership).  For  instance,  a 
designer  of  steam  turbines  would  consider 
himself  an  employee  of  Toshiba  instead  of 
a  mechanical  engineer  in  general.  This 
indicates  an  emphasis  of  group  structure 
over  group  function. 


American  group  formation  is  based  on 
functioning  by  attribute  rather  than  by 
situational  position  in  a  particular  frame. 
Hence,  we  find  the  formation  of  profes¬ 
sional  societies  in  the  U.S.  Along  the 
horizontal  tie,  function  takes  priority  over 
structure. 


Occupational 

Japan  has  no  firmly  defined  occupation 
system,  and  groups  do  not  tend  to  have 
clearly  marked  divisions  of  labor.  The 
group  enjoys  the  efforts  of  the  individual, 
but  the  individual  roles  of  each  member 
are  not  clearly  determined.  Reasons  for 
this  lack  of  horizontal  structure  stem  from 
a  lack  of  contact  with  similar  people  out¬ 
side  of  one’s  group  and  the  tendency  of 
building  social  groups  by  frame. 


Systems 

U.S.  social  structure  is  characterized  by 
a  strong  division  of  labor  by  function  and 
sharply  defined  groups. 


Structural 

Relationships  in  Japan  take  place  along 
the  vertical  tic.  These  vertical  relation¬ 
ships  are  emotional  and  become  the 
actuating  principle  in  creating  cohesion 
among  group  members.  No  two  indi¬ 
viduals  are  equal.  One  single  relationship 
exists  between  individuals  or  groups  or 
none  at  all.  Thus  one  can  understand  the 
important  Japanese  custom  of  exchanging 
name  cards  in  order  to  define  rank.  Final¬ 
ly,  Japanese  vertical  relations  are  sup¬ 
ported  by  the  spirit  of  familism.  The  lead¬ 
er  ties  the  vertical  group  together  and 
enters  with  his  subordinates  into  relations 
of  mutual  dependence. 


Relations 

In  the  U.S.,  relations  extend  along  the 
horizontal  tie  and  across  groups.  Hori¬ 
zontal  structure  is  connected  to  the  princi¬ 
ples  of  equality  in  that  it  provides  people 
with  a  sense  of  self-respect 


Family  Structure 

The  first  major  component  of  social  structure  to  be  discussed  is  family  structure.  The 
family  is  the  basic  unit  of  social  structure,  and  the  dominant  form  of  family  structure  present 
in  both  Japan  and  the  U.S.  is  currently  the  nuclear  family  (only  one  married  couple). 
However,  it  is  by  comparing  the  American  nuclear  family  with  the  traditional  Japanese  stem 
family  household  that  one  may  best  understand  the  differences  in  Japanese  and  American 
culture.  The  traditional  Japanese  family  struaure  is  still  at  the  root  of  Japanese  social  struc¬ 
ture  today.  Differences  in  Japanese  and  American  family  structures  will  be  explored  regarding 
structural  forms,  and  family  relations. 
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Structural  Forms 


Traditional  Japanese  family  structure 
revolved  around  the  traditional  household 
and  was  linked  with  the  concept  of  "ie". 
"le"  refers  to  a  corporate  residential  group 
and  is  an  example  of  group  forming  cri¬ 
teria  based  on  frame.  It  is  characterized 
by  the  following;  in  extended  family  (i.e., 
more  than  one  married  couple)  with  hier¬ 
archical  relations;  obedience  and  filial 
piety  from  the  family  members  toward  the 
head  in  return  for  security;  solidarity 
between  the  family  members;  and  a  deep 
sense  of  importance  in  carrying  on  the 
family  line.  Males  were  ranked  higher 
than  females,  the  old  ranked  higher  than 
the  young,  and  it  was  generally  the  eldest 
son  who  carried  on  the  family  line  and 
succeeded  as  the  family  head. 


Contemporary  U.S.  family  structure  is 
characterized  by  the  nuclear  family  of 
husband,  wife  and  children.  The  parents 
typically  have  few  children  and  old  people 
and  unmarried  adults  generally  live  apan 
from  their  kin.  The  nuclear  family 
operates  as  a  single,  and  sometimes  isolat¬ 
ed,  independent  unit 


Family 

The  central  core  relationship  within  the 
traditional  Japanese  family  was  the  par¬ 
ent-child  rather  than  the  husband-wife. 
The  household  head  was  primarily  con¬ 
cerned  with  the  household  as  a  whole,  not 
the  individuals.  A  strong  sense  of  obedi¬ 
ence  and  solidarity  among  family  members 
remains  today. 


Relations 

The  range  of  American  kinship  is  nar¬ 
rower  than  in  Japan,  and  relations  tend  to 
be  more  fluid.  Americans  typically  do  not 
want  to  get  too  tied  down  with  obligations 
to  family  and  will  often  rely  on  voluntary 
associations  of  common  interest  rather 
than  strong  kinship  ties.  Family  relations 
such  as  marriage  tend  to  be  charaaerized 
by  considerable  latitude  for  variation  in 
terms  of  roles  and  relationships. 


Industrial  Organuation 

The  second  major  component  of  social  structure  is  industrial  organization.  Industrial 
organization  is  also  heavily  influenced  by  culmral  values  and  attitudes.  The  discussion  below 
will  compare  Japanese  and  American  industrial  organizations  in  the  following  areas:  general 
structure,  rank,  employment  system,  recruiting,  labor  mobility,  motivation  to  work,  labor 


relations,  and  industry-government  relations. 

General 

Japanese  industrial  organization  is 
heavily  marked  by  vertical  orientation  and 
an  emphasis  on  group  formation.  The 
corporate  group  is  based  on  frame.  The 
corporate  structure  also  has  its  roots  in 
the  "ie"  and  the  family  household  struc¬ 
ture.  The  factory  owner  is  like  the  head  of 
a  household,  new  employees  are  like  new 
family  members,  and  the  employer- 
employee  relationship  is  like  that  of  the 
father-child.  There  is  no  firmly  defined 


Structure 

The  general  struaure  of  U.S.  industrial 
organization  is  horizontally  oriented  with 
priority  given  to  attribute.  More  emphasis 
is  placed  on  the  individual  than  on  the 
group,  and  there  is  a  clear  division  of 
labor. 
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occupational  system,  division  of  labor,  or 
individual  roles.  Finally,  high  value  is 
placed  on  the  harmonious  integration  of 
the  work  members. 


Rank 

Rank  in  Japan  is  established  primarily 
by  duration  of  service  and  age  (i.e. 
seniority)  rather  than  ability.  The  institu¬ 
tionalization  of  rank  is  more  prevalent  in 
larger  firms  than  in  smaller  ones,  and  rank 
based  on  merit  is  becoming  more  com¬ 
mon,  especially  in  firms  involved  with 
technological  iimovation. 


Rank  in  U.S.  industrial  organizations  is 
more  heavily  influenced  by  merit  than  in 
Japan  although  seniority  also  plays  an 
important  role. 


Employment  Systems 


Japanese  industrial  organization  in  the 
larger  and  more  stable  firms  is  charac¬ 
terized  by  a  lifetime  employment  system. 
Under  this  system,  both  the  employer  and 
employee  assume  that  the  employment 
relationship  is  permanent,  that  the  com¬ 
pany  will  not  lay  off  or  discharge  the 
employee,  and  that  the  employee  will  not 
change  to  another  employer  during  his 
career.  In  effect,  the  Japanese  employ¬ 
ment  system  rewards  tenure  instead  of 
short  term  performance,  and  commitment 
and  loyalty  are  demanded  in  return  for 
high  job  security. 


In  the  U.S.,  there  is  less  insurance  of 
employment  tenure  and  a  greater  influ¬ 
ence  of  market  forces  in  the  allocation  on 
the  labor  supply.  The  U.S.  employment 
system  places  a  higher  reward  on  short¬ 
term  performance. 


Recruiting 


Japanese  firms  typically  recruit  directly 
from  schools,  and  new  recruits  enter 
through  the  bottom  of  the  age  ranking 
instead  of  through  an  open  labor  market. 
New  recruits  are  not  hired  for  specific 
jobs.  Instead,  they  are  hired  based  on  the 
assumption  that  the  labor  will  be  required 
sometime  in  the  future  and  that  in-house 
training  will  provide  additional  skills  as 
needed. 


The  recruiting  system  in  the  U.S.  is 
based  on  buying  ready-made  labor  as  it  is 
required  rather  than  purchasing  future 
potential,  unshaped  labor. 


Labor 

Intra-firm  mobility  is  heavily  encour¬ 
aged,  but  inter-firm  mobility  is  small 
(especially  among  larger  firms).  This  is 
related  to  the  stable  and  secure  nature  of 
Japanese  social  structure  and  the  difficul¬ 
ties  involved  with  leaving  one’s  former 
group  to  join  a  new  one. 


Mobility 

Both  inter-firm  and  intra-firm  mobility 
are  high  in  the  U.S.  There  is  less  stigma 
attached  with  leaving  one  company  for  the 
purposes  of  joining  another. 


22 


Motivation  to  Work 


Motivation  of  the  Japanese  workforce 
comes  from  a  number  of  different  areas. 
First,  as  the  company  operates  as  an 
extended  family,  it  employs  the  entire 
person  instead  of  just  the  labor  and  takes 
great  interest  in  its  employees’  well-being 
both  inside  and  outside  of  worL  The 
company  is  a  place  for  its  employees  to 
participate  in  social  activities.  As  a  result, 
personal  success  and  company  success 
become  inextricably  interconnected. 
Second,  motivation  arises  from  a  per¬ 
ceived  sense  of  collective  social  responsi¬ 
bility  and  obligations  to  groups  both  inside 
and  outside  of  the  company.  A  third 
motivating  force  is  direct  compensation, 
and  wages  are  based  on  individual  and 
family  need  as  well  as  on  age  and  length 
of  service. 


The  motivation  to  work  in  U.S.  indus¬ 
trial  organizations  comes  primarily  from  a 
contractual  sense  of  responsibility  to  the 
employer  and  work  groups  even  though 
economic  relations  tend  to  be  more  deper¬ 
sonalized.  However,  motivation  to  work  is 
also  largely  oriented  toward  the  individual. 
Compensation  in  U.S.  industrial  organiza¬ 
tions  is  influenced  by  a  preference  for 
straight,  contribution-based  wages  and  for 
limited  company  involvement  in  personal 
aspects  of  workers’  lives.  Wages  are  paid 
according  to  work  performed  as  opposed 
to  individual  need,  and  workers  seem  to 
be  interested  in  their  firms  primarily  as  a 
source  of  income. 


Labor  Relations 


Labor  relations  in  Japan  are  charac¬ 
terized  by  the  following:  an  emphasis  on 
company  membership  rather  than  occupa¬ 
tion  or  skill  identification;  few  craft  or 
skill  unions;  union  membership  generally 
undifferentiated  by  job;  priority  given  to 
human  resources;  a  human  relations 
management  approach  which  places 
greater  importance  on  moral  charaaer 
than  on  technical  proficiency;  face-to-face 
relations  with  little  reliance  placed  on 
written  contracts;  and  relatively  little 
resistance  to  new  technologies. 


Labor  relations  in  the  U.S.  are  charac¬ 
terized  by  the  following:  an  emphasis  on 
occupation  and  skills  rather  than  company 
membership;  craft  and  skill  unions  marked 
by  job  differentiation;  priority  given  to 
mechanical  rather  than  human  resources; 
a  management  approach  which  treats 
workers  as  components  of  a  manufacturing 
process;  a  dependence  on  written  con¬ 
tracts;  and  a  greater  history  of  resistance 
to  new  technologies. 


Industry-Government  Relations 


Government  ministries  are  highly 
regarded  by  the  Japanese.  Industry  has  a 
close  relationship  with  the  Japanese 
Ministry  of  International  Trade  and  Indus¬ 
try  (MITI)  often  involving  the  exchange  of 
workers. 


In  the  U.S.,  a  "laissez-faire"  philosophy 
is  still  preferred.  American  businesses  and 
government  agencies  tend  to  have  more 
adversarial  relations  than  in  Japan. 


Education 

The  final  section  in  this  comparison  of  Japanese  and  American  social  structure  concerns 
education.  Education  is  important  to  social  structure,  and  to  values  and  attitudes  as  well, 
because  it  is  through  the  educational  system  that  much  of  this  information  is  taught, 
maintained  and  propagated.  In  short,  schools  train  people  to  fit  into  their  cultures. 
Differences  in  the  Japanese  and  American  education  systems  are  peninent  in  the  following 
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areas:  the  roles  of  educational  institutions,  the  influence  on  creative  thought,  the  emphasized 
fields  of  study,  and  the  status  of  study  abroad. 

Role  of  Educational  Institutions 

The  main  role  of  Japanese  schools  is  to  U.S.  schools  also  serve  to  impart  basic 

impart  basic  educational  skills  upon  their  educational  skills  upon  their  students 

students.  This  is  accomplished  predomi-  (though  the  results  are  currently  somewhat 

nately  through  the  use  of  rote  learning.  less  successful  than  in  Japan).  Where  U.S. 

The  primary  function  of  the  pre-university  schools  differ  from  Japanese  schools  is  in 

school  system  is  to  prepare  students  for  their  greater  emphasis  on  independent 

the  college  entrance  exam,  the  exam  thought  and  "Socratic-style"  exchange, 

which  largely  determines  which  students  This  continues  on  into  the  universities 

will  attend  which  universities  (and  ulti-  where  there  is  a  greater  focus  on  the 

mately  get  what  jobs).  University  curricu-  development  of  critical  thinking  skills, 

lums  are  less  structured  than  in  the  U.S.,  More  research  opportunities  are  made 

but  this  does  not  seem  to  interfere  with  available  to  students  in  U.S.  universities 

the  primary  role  of  universities,  that  of  than  in  Japanese  universities,  and  U.S. 

placing  its  students  into  the  workforce.  universities  play  a  stronger  role  in  scien¬ 

tific  research. 

Influence  on  Creative  Thought 

The  rigid  format  of  the  Japanese  college  In  the  U.S.,  students  are  more  encour- 

entrance  exam  can  cause  students  to  aged  to  question  the  system  and  display 

restrict  their  intellectual  breadth,  concen-  independent  and  critical  thought.  This  is 

trate  on  following  guidelines  at  the  ex-  considered  to  be  vital  for  the  continuation 

pense  of  originality,  eliminate  extracurricu-  of  democracy, 

lar  activities,  and  neglect  their  social 
development.  The  Japanese  educational 
system  has  been  criticized  for  failing  to 
adequately  encourage  independent  and 
creative  thought 

Emphasis  of  Study 

The  Japanese  educational  system  places  The  American  educational  system  gives 

a  greater  emphasis  on  the  field  of  engi-  higher  status  to  the  fields  of  medicine, 

neering  (due  to  its  perceived  economic  im-  law,  business,  and  science  then  one  finds 

portance)  than  in  the  U.S!  in  Japan. 

Study  Abroad 

In  Japan,  it  is  greatly  encouraged  and  In  the  U.S.,  study  abroad  is  not  as 

prestigious  to  study  abroad  (especially  in  highly  valued. 

Western  universities). 

Ecology,  Economics  and  Politics 

The  third  and  final  main  section  of  this  paper  concerns  the  exploration  and  comparison  of 
Japanese  and  American  eco  ogical,  economic,  and  political  histories.  Each  country’s  ecology, 
economy,  and  political  structure  has  influenced  and  been  influenced  by  culture,  and  this 
section  will  take  a  brief  look  at  some  of  the  changes  that  have  taken  place  over  time.  The 
purpose  of  this  section  is  to  provide  additional  perspective  to  the  above  discussions  of  culture 
and  social  structure. 
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Ecolog/ 

Japanese  and  American  ecologies  will  be  briefly  compared  in  regards  to  the  following  areas: 
geography,  natural  resources,  population,  foreign  influences,  and  the  role  of  technology. 

Geography 

Japan  covers  approximately  the  same  The  U.S.  has  over  twenty  times  the  area 

area  as  the  state  of  California,  but  most  of  of  Japan, 
the  land  is  mountainous,  leaving  only  15% 
of  the  total  area  ar^le. 


Natural  Resources 

Japan  su:ffers  from  a  lack  of  natural  The  U.S.  is  rich  in  minerals  and  soil 

resotirces.  resources. 

Population 

Japan’s  population  is  approximately  The  U.S.  population  is  approximately 

120  million,  and  the  population  density  double  that  of  Japan,  and  its  population 

exceeds  300/lan*.  "niis  density  figure  density  is  an  order  of  magnimde  smaller, 

increases  rapidly  when  one  excludes  the 
large  areas  of  sparsely  inhabited  moun- 
tainotis  regions. 


Foreign  Influence 


Since  the  eighth  century  AD.,  the 
Japanese  archipelago  has  maintained  a 
relatively  isolated  position  charaaerized 
by  a  rather  .small  inflow  and  outflow  of 
immigrants.  The  foreign  influences  which 
did  enter  Japan  (e.g.  Buddhism,  govern¬ 
mental  structure,  and  language  from 
China)  were  successfully  integrated  into 
Japan’s  own  culture. 


American  demography  has  been  pro¬ 
foundly  influenced  by  migration,  both 
from  other  countries  to  the  U.S.  and 
within  the  U.S.  The  U.S.  has  been  greatly 
afrected  by  its  role  as  a  cultural  "melting 
poL" 


Role  of  Technology 


Prior  to  the  Meiji  Restoration,  Japan 
was  characterized  ^  a  historical  lack  of 
focus  on  science  and  technology.  This  was 
due  in  part  to  Japan’s  isolation  during  feu¬ 
dal  times,  hindrances  to  the  flow  and 
exchange  of  new  theories  and  findings,  the 
fact  that  Japanese  technology  focused 
primarily  on  implements  for  home  and 
agriculture  rather  than  on  tools  for  pro¬ 
duction,  and  the  absence  of  an 
atmosphere  conducive  to  free  inquiry. 
Since  then,  borrowing  technology  from  the 
West  in  conjunction  with  minor  indigenous 
technologit^  innovations  has  become  the 
dominant  strategy  for  acquiring  and  main¬ 
taining  its  current  economic  position. 
Japan’s  technological  success  has  been 


Much  of  the  early  U.S.  technology  was 
imported  from  Europe,  but  after  a  while, 
the  U.S.  became  the  world  leader  in  the 
export  of  technology.  It  is  interesting  to 
note  that  these  large  exports  of  domestic 
technology  have  not  been  matched  by 
significant  imports  of  foreign  technology. 
This  raises  questions  in  regards  to  the 
receptivity  in  the  U.S.  to  external  tech¬ 
nological  innovadon. 
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accomplished  with  few  if  any  accompany¬ 
ing  major  discoveries  of  a  magnitude 
capable  of  changing  the  basic  direction  of 
technological  developmenL 

Economics 

Japanese  and  American  economics  will  be  compared  in  the  following  areas;  history, 
influence  of  foreign  investment,  internal  vs.  external  markets,  and  the  role  of  the  military 
sector. 


History 


During  the  Tokugawa  period  (1600- 
1868),  the  Japanese  economy  was  driven 
by  agriculture,  but  cottage  industry  was 
becoming  more  and  more  commoiL  In 
the  following  Meiji  period  (1868-1912), 
government  policies  promoted  industrial¬ 
ization,  increased  production,  national 
wealth,  and  military  strength.  In  the  years 
following  World  War  II,  Japan’s  post-war 
economic  development  was  heavily  influ¬ 
enced  by  Japan’s  ties  to  the  U.S.  In  the 
1960s,  with  the  acquisition  of  advanced 
technology  and  management  methods 
from  the  West,  Japan  became  an  open 
economy.  Today,  Japan  is  challenging  the 
U.S.  for  the  role  as  the  world’s  economic 
leader. 


The  U.S.  economy  staned  on  the  path 
to  industrialism  by  following  in  the  foot¬ 
steps  of  the  European  Industrial 
Revolution.  By  the  early  1900s,  the  U.S. 
had  taken  over  as  the  world’s  dominant 
economic  power,  developing  highly  effi¬ 
cient  systems  of  mass  production  and 
’’scientific"  management 


Foreign  Investment  in  Each  Country 


Japan’s  industrial  development  occurred 
with  little  help  from  foreign  capital,  only 
imported  technology  and  internal  educa- 

tioiL 


The  U.S.’s  economic  development  was 
partly  financed  by  European  foreign 
investment. 


Internal  vs.  External  Markets 

During  Japan’s  economic  rise  in  indus-^  The  U.S.  economy  has  always  been 

trialism,  low  purchasing  power  in  com-  primarily  focused  on  an  extremely  large 

bination  with  high  production  necessitated  and  diverse  internal  market, 
that  the  Japanese  search  for  and  establish 
markets  abroad.  Japan  also  needed  to 
establish  external  trade  ties  for  the  pur¬ 
poses  of  importing  raw  materials  and 
foreign  technologies. 


Role  of  the 

During  the  Meiji  Restoration,  increased 
military  expenditures  were  a  powerful 
factor  serving  to  speed  up  industrializa¬ 
tion.  Since  World  War  n,  military  &aors 
have  played  a  minor  role  in  the  economy. 


Military  Seaor 

Traditionally,  U.S.  economic  growth  has 
been  assisted  by  a  heavy  emphasis  in  the 
military  sector. 
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Politics 

Japanese  and  American  politics  will  be  compared  in  relation  to  stability  and  change  over 
the  past  couple  of  centuries. 


History:  Stability  and  Change 
Since  the  mid* 1800s,  the  Japanese  polit¬ 
ical  system  has  undergone  a  series  of 
dramatic  changes.  The  Tokugawa  feudal 
regime  and  its  policy  of  isolanonism  was 
succeeded  by  the  restoration  of  the 
Emperor  in  1868  and  an  embarkment  on 
a  path  of  imperialism-  After  World  War 
n  and  the  democratic  reform  of  the  politi¬ 
cal  system,  Japan  dropped  its  military 
goals  and  pursued  the  path  of  economic 
developmenL 

Summary 

The  comparison  of  general  Japanese  and  American  cultural  and  social  characteristics  put 
forward  above  is  abbreviated  at  the  risk  of  being  "stereotypic"  and  incomplete.  It  is  important 
to  remember  though  that  the  comparisons  presented  are  relative.  Their  intent  is  to  shed  light 
on  some  of  the  cultural  differences  which  may  influence  Japanese  and  American  approaches 
to  technological  iimovadon. 

It  is  also  apparent  that  change  is  inherent  in  the  Japanese  and  American  cultural  systems 
and  that  in  many  ways  these  systems  arc  in  the  process  of  converging.  Nevertheless,  in  order 
to  better  understand  current  cultural  values,  atdmdes  and  social  structures,  it  is  also  important 
to  understand  the  sources  from  which  they  arise. 

FoocdoIh 

‘lo  his  I960  book  entitled  Theory  Z,  William  Ouchi  formulated  a  theory  in  which  he  distinguished  A-Iilce 
organizarions  (hierarchical  bureaucracies)  from  Z-lIke  organizations  ("industrial  clans’).  He  claimed  that  Z-like 
firms  tended  to  produce  happier,  more  involved,  and,  hence,  mote  productive  workers.  According  to  Ouchi,  these 
dans  operate  by  sodalnriig  each  member  completely  so  that  they  merge  individual  and  organization  goals,  thereby 
creating  a  modvaticmal  force.  Ouchi  conduded  that  Z-like  organizations  (typical  of  Japanese  firms)  were  more 
effective  than  A-iike  organizarions  (typical  of  American  firms)  because  they  were  able  to  coordinate  workers'  efforts 
more  efficiently  and  enhance  workas*  emotional  well-bein{t  ’’f  which  result  in  higher  productivity  (Kaplan 
Ziegler  1965). 
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JAPANESE  AND  AMERICAN  APPROACHES  TO  TECHNOLOGICAL  INNOVATION: 
CULTURAL  INFLUENCES 


Eric  Poncelet,  University  of  Arizona 


The  purpose  of  this  paper  is  to  describe  some  of  the  major  differences  between 
Japanese  and  American  approaches  to  technological  innovation  and  to  suggest  some  of  the 
cultural  characteristics  influencing  these  differences.  The  discussion  will  proceed  in  two 
parts.  First,  a  description  will  be  presented  concerning  what  is  meant  by  innovation  and 
the  innovation  process.  This  will  be  followed  by  a  comparison  of  the  different  approaches 
to  technologic^  innovation  and  brief  listings  of  pertinent  cultural  influences.  This 
discussion  suffers  somewhat  from  being  over-generalized,  but  it  does  reveal  some  important 
distinctions  between  the  two  countries. 

Innovation  and  the  Innovation  Process 

Economists  have  conventionally  defined  an  innovation  as  "the  introduction  of  a  new  (or 
improved)  product  into  the  market".  This  paper  assumes  a  broader  definition  and  chooses 
to  adopt  a  version  suggested  by  Stephen  Kline.  According  to  Kline  (1989;  1990),  an 
innovation  is  any  change  in  the  so^  and  technical  systems  of  design,  manufacture, 
distribution,  and/or  use  which  provides  an  improvement  in  cost,  quality  and/or  match  to 
customer  requirements.  This  broader  definition  is  instructive  because  it  acknowledges  that 
innovations  may  arise  in  the  areas  of  manufriciuring  processes,  human  resource  manage¬ 
ment,  marketing,  distribution,  and  use  as  well  as  in  the  area  of  products. 

Technological  innovation  is  performed  by  humans  and  takes  place  in  what  we  call  the 
"innovation  process."  There  are  various  ways  of  looking  at  this  process.  One  model,  which 
Kline  (1990)  has  called  the  "linear  model",  has  been  conventionally  adopted  in  the  U.S. 
since  the  end  of  World  War  IL  It  is  not  so  much  a  model  which  Americans  work  from  as 
it  is  a  belief  about  the  way  imiovadons  are  produced.  According  to  this  model  innovation 
takes  place  in  four  distinct  and  sequential  phases:  a  research  phase,  a  development  phase, 
a  production  phase,  and  a  marketing  phase.  Research  is  considered  to  be  the  initiating  step 
and  the  source  of  all  innovations,  and  no  feedback  role  is  built  into  the  system.  This  linear 
model  has  been  used  as  a  justification  for  doing,  basic  science  research  in  the  U.S. 

A  second  model  for  the  innovation  process  is  one  based  on  Kline’s  (1989;  1990)  "chain- 
link  model”.  The  general  process  starts  with  a  market  finding  phase  followed  by  design, 
production,  marketing  and  distribution,  and  use  phases.  It  differs  from  the  linear  model  in 
a  number  of  ways:  there  are  multiple  paths  from  which  innovations  may  arise  and  many 
forms  of  feedba(±;  research  is  not  normally  considered  to  be  the  initiating  step  (in  fact, 
research  occurs  in  and  contributes  to  all  phases  in  the  innovation  process)  and  the  primary 
source  of  innovations  L  now  held  to  be  stored  knowledge  and  technological  paradigms.  This 
model  more  closely  conesponds  to  the  Japanese  perception  of  the  innovation  process. 

For  purposes  of  discussion,  two  other  general  phase  descriptions  will  also  be  used  to 
describe  the  innovation  process:  the  invention  phase  and  the  implementation  phase.  The 
invention  phase  refers  to  the  idea  generation,  research,  and  development  of  a  product  or 
process.  The  implementation  phase  refers  to  everything  after  the  invention  phase  which  is 
required  to  bring  the  product  or  process  to  commercial  use. 
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Japanese  and  American  Approaches  to  Technological  Innovation 

This  section  compares  Japanese  and  American  approaches  to  technological  innovation 
in  twelve  different  areas:  ±e  innovation  process,  industrial  organization,  human  resources, 
worker  productivity,  business  strategy,  customer  focus,  decision-making  processes, 
utilization  of  external  resources,  role  of  government  role  of  universities,  occupational  status 
by  field,  and  creativity. 

1.  The  Innovation  Process 

Comparison: 


General 

Japan  has  followed  a  general  strategy  of 
emphasizing  incremental  process  and 
produa  improvements  based  on  existing 
technology  and  knowledge.  The  focus  has 
been  on  the  implementation  phase 
(especially  manufacturing)  with  the  goal  of 
producing  high  quality  products  at  low 
costs.  This  strategy  works  best  in  maturing 
and  mature  industries. 


Strategy 

The  U.S.  tends  to  follow  dual  strategies 
emphasizing,  on  the  one  hand,  produa 
breakthroughs  based  on  research,  and  on 
the  other  hand,  controlling  customer  pref¬ 
erences  through  marketing  techniques. 
There  is  a  strong  focus  on  both  the  inven¬ 
tion  and  marketing  phases.  The  goal  is 
developing  and  selling  new  products  and 
aeating  demand  for  existing  ones.  The 
breakthrough  strategy  works  best  in  na¬ 
scent  industries  where  scientific  discover¬ 
ies  play  a  key  role;  the  marketing  strategy 
is  adapted  to  mature  industries. 


Differences  m  Resource  Allocation 


Japanese  firms  tend  to  allot  more  of 
their  resources  to  the  middle  part  of  the 
innovation  process  (Le.,  process  engineer¬ 
ing  and  manufacturing  facilities)  than  do 
their  U.S.  counterparts.  Japanese  firms 
allot  approximately  twice  as  much  of  their 
total  innovation  costs  to  manufacturing 
equipment  and  facilities  as  American  firms 
(Ma^eld  198Sb). 


U.S.  firms  tend  to  allot  more  of  their 
resources  to  the  latter  pan  of  the  innova¬ 
tion  process  (Le.  marketing)  than  do 
Japanese  firms.  American  firms  allot 
approximately  twice  as  much  of  their  total 
innovation  costs  to  marketing  start-up  as 
Japanese  firms  (Mansfield  1988b). 


Functioning  of  the 

Japanese  firms  tend  to  treat  the 
innovation  process  as  a  contiiniing,  cycli¬ 
cal,  iterative  process.  In  this  sense,  f^- 
tioning  of  the  iimovation  process  in  Japan 
may  be  likened  to  the  operation  of  a 
rugby  team-each  individual  works  as  part 
of  a  team  with  a  coimnon  goal  There  is  a 
strong  interface  between  the  different 
phases  (e.g.  good  coordination  between 
produa  design  and  engmeering),  and  feed¬ 
back  plays  an  important  role  in  all  of  the 
phases  throughout  the  process.  This  feed¬ 
back  is  evident  in  the  manner  in  which  the 


Innovation  Process 

American  firms  tend  to  treat  the  inno¬ 
vation  process  as  a  linear,  sequential 
process  which  begins  with  research  and 
ends  with  the  marketing  of  a  product. 
Along  these  lines,  the  innovation  process 
in  the  U.S.  operates  as  a  relay  race  team- 
each  group  performs  its  task  and  then 
passes  on  the  baton.  Strong  coordination 
between  the  different  phases  is  often 
lacking  (e.g.  between  R&O  and  manufac¬ 
turing),  and  this  encourages  the  aaors  in 
eadi  phase  to  operate  as  separate,  func- 
fionally  specialized  groups.  Feedback  also 


users  of  R&D  (e.g,  production,  marketing, 
customers)  play  a  greater  role  in  shaping 
R&D  programs. 


32 

tends  to  be  weak.  Future  R&D  in  U.S. 
firms  tends  to  be  more  influenced  by 
previous  R&D  projects  rather  than  by  user 
feedback. 


Actors 

In  Japan,  the  actors  in  the  innovation 
process  operate  as  part  of  group  teams. 
Individual  members  and  the  groups  have 
multi-functional  and  overlapping  roles.  A 
team  often  follows  an  innovation  through 
the  entire  process.  Multi-functional 
teamwork  tends  to  be  most  beneficial  to 
the  rate  of  innovativeness  when  it  occurs 
during  the  implementation  phase. 


Tlie  actors  in  U.S.  firms  are  primarily 
individuals  or  teams  with  strong  individual 
leaders.  The  individuals  have  specialized 
roles  and  are  compartmentalized.  When 
one  individual’s  task  is  complete,  the 
innovation  moves  on  to  the  next  person. 
Individual  contributions  tend  to  be  most 
beneficial  to  the  rate  of  innovativeness 
when  they  occur  during  the  invention 
phase. 


Role  of  Science 

Japan  pays  more  attention  to  technolog¬ 
ical  knowledge  than  to  scientific  knowl¬ 
edge.  Innovations  tend  to  involve  "learning 
by  doing"  and  experimentation  more  so 
than  theories  and  interpretations. 
Research  is  ultimately  performed  with 
manufacmring  in  mind. 


and  Technology 

In  the  U.S.,  technology  is  seen 
predominantly  as  the  application  of  scien¬ 
tific  knowledge,  and  science  is  considered 
to  be  the  primary  source  of  knowledge. 
Hence,  there  is  an  emphasis  on  theory  in 
the  iimovation  process.  Research  is  per¬ 
formed  more  with  a  focus  on  future 
research  than  on  manufacturing. 


Sources  of  Technology 


Japan  is  distinct  in  its  efficient  and 
effective  use  of  external  ideas  and  tech¬ 
nologies.  Japanese  firms  have  demon¬ 
strated  significant  cost  and  time  advan¬ 
tages  over  the  U.S.  when  it  comes  to 
putting  out  commercial  products  and  pro¬ 
cesses  based  on  foreign  technologies 
(Mansfield  1988b). 


The  U.S.  has  imported  much  less  tech¬ 
nology  from  external  sources  than  Japan 
and  preferred  to  rely  primarily  on  internal 
ideas  and  technologies,  but  this  is  in  the 
process  of  changing. 


General  Results 


Japanese  firms  tend  to  focus  on 
innovation  throughout  the  innovation 
process.  In  general,  they  are  currently 
more  successful  than  U.S.  firms  in  actual¬ 
izing  the  timely  production  of  higher 
quality,  lower  cost  products  and  processes. 


U.S.  firms  have  been  successful  in  pro¬ 
ducing  breakthrough  iimovations.  How¬ 
ever,  much  of  the  effort  of  U.S.  firms  has 
been  on  improving  financial  performance, 
soliciting  government  assurance,  seeking 
stability,  and  reducing  risk  instead  of  im¬ 
proving  their  performance  in  the  imple¬ 
mentation  phase  of  the  innovation  process. 


Cultural  Influences  affecting  the  Innovation  Process:' 

•  Values/attitudes  toward  groups  vs.  individuals. 

•  Values/attitudes  concerning  technology  vs.  science. 
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•  Values/attitudes  toward  change  (existing  technology  vs.~n^"saence). 

•  Values/attitudes  toward  shared  vs.  compartmentalized  responsibilities. 

•  Sources  of  motivation  (social  obligations  vs.  externalized  achievement). 

•  Influence  of  religion  (cyclical  vs.  linear  world  views). 

•  Influence  of  art  (art  as  intended  for  everyday  use  vs.  art  for  art’s  sake). 

•  Influence  of  education  (emphasis  on  technology  vs.  emphasis  on  science) 

•  History  of  foreign  influences. 

2.  Industrial  Organization 
Comparison: 


Structure 


The  structure  of  Japanese  industrial 
organization  tends  to  be  more  flexible  and 
unified  within  firms  and  hierarchical 
between  firms.  Internal  structure  is  made 
up  of  multi-funrtional  and  less  specialized 
groups. 


The  structure  of  U.S.  industrial  organi¬ 
zations  tends  to  be  more  hierarchical 
within  firms  and  horizontal  or  equal 
between  firms.  Internal  structure  is  more 
compartmentalized,  functionally  special¬ 
ized,  and  individual  oriented. 


Relationships  Within  Firms  and  Between  Firms 


In  Japan,  relationships  within  and 
between  firms  are  long-term  and  charac¬ 
terized  by  dependence.  Families  of  com¬ 
panies  exist  which  operate  in  a  way  similar 
to  the  traditional  extended  family.  A 
closer  (i.e,  more  permanent  and  stable) 
working  relationship  exists  between 
customers  and  suppliers.  Trust  and 
dependability  are  preferred  over  lower 
cost. 


In  the  U.S.,  relationships  within  and 
between  firms  are  short-term  and  char¬ 
acterized  by  independence.  The  choice  of 
suppliers  changes  more  frequently  and  is 
heavily  dependent  on  lowest  cost.  The 
U.S.  relationships  most  similar  to  the 
Japanese  style  is  the  corporate  culture 
which  has  developed  in  the  military- 
industrial  complex. 


Information  Flow 


Japanese  firms  and  industries  are 
characterized  by  rapid  and  efficient  flow 
of  information  along  vertical  ties.  Good 
feedback  exists  between  departments  and 
between  companies.  Technology  transfer  is 
also  rapid  and  almost  always 
interpersonal. 


U.S.  firms  are  marked  by  less  effeaive 
communication  between  departments  and 
between  companies.  The  lines  of  com¬ 
munication  tend  to  be  longer  and  less  per¬ 
sonal  than  in  Japan. 


Adaptability 


Japanese  bureaucracy  is  more  flexible, 
organic  (i.e.  priority  is  given  to  partici¬ 
pants’  behavior),  and  adaptable  to 
changing  structures  or  functions.  This  type 
of  bureaucracy  is  more  effective  under 
uncenain  conditions. 


U.S.  bureaucracy  is  more  rigid, 
mechanistic  (i.e.  priority  is  given  to  the 
formal,  bureaucratically  programmed 
structure),  and  slow  to  adapt  to  change. 
This  type  of  bureaucracy  is  most  effective 
under  more  stable  and  relatively  certain 
conditions. 
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Employment  Patterns 


Japanese  employment  patterns  are  char¬ 
acterized  by  longer  term  employment 
(especially  for  larger  stable  firms  where 
lifetime  employment  exists),  promotability 
largely  dependent  on  age  and  rank,  high 
in-house  training,  and  more  intra-firm 
mobility. 


U.S.  employment  patterns  are  charac¬ 
terized  by  more  short-term  employment, 
promotions  related  to  individual  perfor¬ 
mance,  and  increased  dependence  on 
economic  conditions. 


Cultural  Influences  affecting  Industrial  Organization: 

•  Social  structure  (vertical  vs.  horizontal). 

•  Family  structure  and  relations. 

•  Values/attitudes  implicit  in  social  and  family  structures: 

-  Dependency  vs.  self-reliance. 

-  Competition  (intra-firm  vs.  inter-firm). 

-  Mobility  and  commitmenL 

•  Communication  (interpersonal  vs.  impersonal). 


3.  Human  Resources 


Comparison: 


Management 

Japanese  firms  place  a  greater  emphasis 
on  human  resources,  and  human  relations 
are  held  to  be  more  important  relative  to 
research  or  manufacturing  results  than  in 
the  U.S.  Companies  tend  to  operate  as 
extended  families  in  that  they  are  more 
involved  in  and  concerned  with  the  per¬ 
sonal  lives  of  their  employees.  Intra-firm 
relations  are  typically  not  competitive. 


Approach 

In  the  U.S.,  firms  place  less  emphasis  on 
their  human  resources  and  hold  human 
relations  to  be  less  important  relative  to 
research  or  manufacturing  results  than  in 
Japan.  Firms  are  also  less  involved  in  the 
personal  or  private  lives  of  their 
employees.  Intra-firm  relations  tend  to  be 
more  competitive. 


Results 

Japanese  labor  relations  are  more  stable 
than  U.S.  labor  relations.  Many  fewer  days 
are  lost  to  labor  disputes  in  Japan  when 
compared  to  the  U.S.  There  is  also  lower 
inter-firm  mobility  allowing  Japanese  firms 
to  better  reap  the  fruit  of  their  in-house 
training  programs. 


Labor  relations  are  less  stable  in  the 
U.S.  when  compared  to  Japan.  Employ¬ 
ment  is  also  characterized  by  higher  inter¬ 
firm  mobility,  thus  preventing  much  con¬ 
tinuity  within  a  workforce  and  requiring 
more  constant  training  of  new  employees. 


Cultural  Influences  affecting  Human  Resources: 

•  Vahies/attitudes  toward  mobility  (low  vs.  high). 

•  Values/attitudes  toward  person^  relations  (preference  for  long-term,  in-depth 
group  involvement  vs.  short-term,  multiple  affliations). 

•  Vahies/attimdes  toward  work  (cfiscipline  and  perseverance  vs.  "toil  and  trouble"). 

•  Values/attimdes  toward  competition  (low  intra-group  vs.  high  intra-group). 

•  Family  structure  (extended  family  and  dependence  vs.  nuclear  family  and 
independence). 


35 


•  Organization  of  labor  relations  (company  membership  vs.  skill  identification). 
4.  Worker  Productivity 
Comparison: 


Worker  Productivity 
In  general.  Japanese  industry  maintaias 
i  higher  level  of  worker  productivity  than 
does  American  industry.  For  example, 
lapanese  plants  turn  out  two  to  three 
nore  cars  per  worker  than  U.S.  plants. 

Responsibility  for  quality  control  is 
issumed  primarily  by  the  workers  them¬ 
selves. 

Cultural  Influences  affecting  Worker  Productivity: 

•  Values /attitudes  toward  work  (higher  value  of  quality  vs.  lower  value  of  quality). 

•  Sources  of  motivation  (company  success  vs.  individual  success). 

•  Values/attitudes  toward  responsibility  (group  vs.  individual). 

5.  Business  Strategy 
Comparison: 


On  the  average,  American  industry  has 
a  lower  level  of  worker  productivity  than 
in  Japan.  Quality  controls  fall  primarily  in 
the  hands  of  inspectors  rather  than  on  the 
shoulders  of  the  workers  themselves. 


General 

The  primary  goal  of  Japan’s  general 
nisiness  strategy  is  survival  (Le.  to  secure 
ong-term  market  share).  A  primary 
strategy  for  securing  this  has  been  to  focus 
)n  improving  existing  processes  and  pred¬ 
icts.  There  is  also  greater  support  for 
ligher-risk,  long-term  projects. 


Strategy 

The  primary  goal  of  the  U.S.'s  general 
business  strategyis  to  maximize  short-term 
profiL  Consequently,  U.S.  companies  tend 
to  focus  their  innovative  strategies  on 
developing  new  products  capable  of  secur¬ 
ing  immediate  rewards.  However,  shon- 
term  gain  is  often  incompatible  with,  and 
hence  leads  to  diminished  suppon  for, 
high-risk,  long-term  projects. 


Cultural  Influences  affecting  Business  Strategy: 

•  Temporal  orientation  (past  vs.  near  future). 

•  Structure  of  industrial  organizations  (traditional,  inter-dependent,  extended 
family  structure  vs.  independent,  nuclear  family  structure). 

•  Economic  histories  (higher  risk,  less  mature  economy  vs.  lower  risk,  more  mature 
economy). 


i.  Customers  Forces 
Comparison: 


Focus  on  the  Customer 

In  Japanese  firms,  high  priority  is  Satisfying  the  customer  is  also  held  in 

iven  to  serving  and  satisfying  the  cus-  high  regard  by  American  firms,  but  there 
meet.  Qose  relationships  are  established  has  also  been  the  tendency  in  the  past  for 
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between  suppliers  and  customers  based  on 
mutual  trust.  As  a  result,  customers  tend 
to  have  a  greater  input  into  the  innovation 
process,  and  the  resulting  innovations  are 
inherently  geared  towards  meeting  cus¬ 
tomer  needs  and  desires. 


American  suppliers  to  try  to  dictate  the 
needs  of  their  customers.  A  case  in  point 
is  the  emphasis  placed  on  advertising  in 
the  U.S.  As  a  result,  response  to  customer 
claims  and  requests  tends  to  be  slower  and 
more  reluctant  than  in  Japan,  and 
customer-supplier  relations  are  often  more 
adversarial.  In  the  end,  innovations  are 
more  independent  of  customer  needs. 


Cultural  Influences  affecting  Business  Strategy: 

•  Values/attitudes  toward  personal  relations  (long-term,  harmonious  relations  vs. 
short-term,  more  adversarial  relations). 

•  Social  structure  orientation:  groups  vs.  individuals  (customer  and  supplier  as  a 
team  vs.  customer  and  supplier  as  separate  components). 

7.  Decision-making  Processes 

Comparison: 


Management  Approach 


Japan’s  managerial  approach  to  deci¬ 
sion-making  is  based  on  consensus  and 
cooperation  by  all  affected  personnel. 
Furthermore,  responsibility  is  dispersed  on 
company  employees  as  a  whole.  This 
approach  allows  for  increased  involvement 
by  the  team  players  and  good  feedback  to 
earlier  phases  of  the  innovation  process. 


The  U.S.  management  approach  to 
decision-making  utilizes  constructive  con¬ 
flict  among  existing  functional  divisions 
and  individual  decisions.  Responsibility 
falls  on  individuals  and  at  the  top.  This 
process  is  more  rapid,  but  not  all  affected 
personnel  participate. 


Results 


While  the  consensus  decision-making  in 
Japan  tends  to  take  longer,  it  has  con¬ 
tributed  to  an  effective  implementation 
phase  in  the  innovation  process  and  a  high 
level  of  quality  control. 


U.S.  decisions  are  made  more  rapidly, 
but  what  often  suffers  is  inter-phase  com¬ 
munication  and  ultimately  quality  control. 
U.S.  firms  devote  twice  as  much  of  their 
innovation  investment  to  manufacturing 
start-up  as  Japanese  firms  (Mansfield 
1988b). 


Cultural  Influences  affecting  Decision-Making  Processes: 

•  Values/attitudes  toward  groups  vs.  individuals. 

•  Values/attitudes  toward  conformity  vs.  confrontation. 

•  Values/attitudes  toward  dependence  vs.  self-reliance. 

•  Values/attitudes  toward  responsibility  (group  vs.  individual). 
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8.  Utilization  of  External  Resources 
Comparison: 


Use  of  Foreign  Resources 


Japan  makes  greater  use  of  foreign 
resources  for  the  purposes  of  technological 
innovation  than  does  the  U.S.  Japan  has  ^ 
been  histoiicaily,  and  currently  still  is,  a 
net  importer  of  foreign  technology.  For¬ 
eign  scientific  and  technological 
knowledge  is  brought  in  via  extensive 
scanning  and  monitoring  of  publications, 
attendance  of  foreign  conferences  and 
trade  fairs,  the  sending  of  researchers  and 
students  abroad,  joint  ventures,  acquisition 
of  foreign  companies,  and  the  relocation 
of  R&D  labs  overseas.  Japan  has  greater 
access  to  U.S.  scientific  and  technological 
data  bases  than  the  U.S.  has  to  those  in 
Japan. 


The  U.S.  has  made  less  extensive  use  of 
foreign  resources  and  has  been  marked  by 
a  seeming  aversion  to  things  "not  made 
here”.  The  U.S.  has  prided  itself  on  being 
the  largest  exporter  of  technology  and  the 
largest  producer  of  scientific  and  tech- 
nologicad  publications  (Fuji  Corp.  1983). 
The  U.S.  has  not  been  quick  to  import 
external  technologies,  has  sent  fewer 
researchers  and  smdents  abroad,  and  does 
not  have  an  efficient  system  for  bringing 
in  scientific  and  technological  information 
from  the  outside. 


Imitation  of  Foreign  Innovations 


The  Japanese  have  been  more  suc¬ 
cessful  at  imitating  foreign  technological 
innovations  because  they  have  been  bor¬ 
rowing  highly  visible  product  innovations 
(i.e.  technologies  of  a  hardware  nature). 


The  U.S.  has  not  had  great  success  in 
imitating  Japanese  innovations  because  of 
the  difficulties  inherent  in  borrowing 
subtle  process  innovations  involving  tacit 
knowledge  from  the  implementation 
phase. 


Cultural  Influences  affecting  Utilization  ot  External  Resources: 

•  Values/attimdes  concerning  self-reliance. 

•  Historical  role  of  technology. 

•  Economic  history  (Japanese  targeting  of  foreign  markets  vs.  U.S.  dependence  on 
domestic  markets). 

9.  Role  of  Gavemmervt 


The  most  successful  governmental  policies  aimed  at  increasing  a  (developed)  country’s 
competitiveness  in  innovation  are  those  which  create  an  environment  in  which  companies 
can  gain  a  competitive  edge  rather  than  those  that  involve  government  directly  in  the 
process  (Porter  1990). 


Comparison: 


The  Japanese  government  utilizes 
indirect  methods  of  spurring  innovation. 
Japanese  industry  has  a  strong  relationship 
with  government  in  the  form  of  the 
Ministry  of  International  Trade  and 


Relations  between  Industry  and  Government 


American  industry  operates  in  a  pre¬ 
dominantly  free-market  system  with  little 
intervention  from  government  The  U.S. 
government  has  refrained  from  targeting 
specific  seaors  of  industrial  R&D  for  sup- 
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Industry  (Mm).  Employees  from  industry 
are  commonly  sent  to  Mm  laboratories 
to  participate  in  the  development  of  new 
technologies.  Some  of  MIITs  functions 
include:  researching  and  investing  in 
strategic  technologies,  making  foreign 
sdentific  and  technological  developments 
readily  available  to  Japanese  industries, 
and  controllii^  technology  flow  by  exercis¬ 
ing  its  right  to  examine  and  approve  all 
technical  alliances  in  the  li^t  of  their 
ultimate  benefit  to  the  nation.  In  sum, 
closer  relations  exist  between  government 
research  labs  and  industry  in  Japan  than 
in  the  U.S.,  and  government  more  success- 
hilly  acts  as  an  organizer  and  coordinator 
of  private  industry.  However,  industry  still 
funds  the  bulk  of  R&D  geared  toward 
innovation. 

Cultural  Influences  affecting  the  Role  of  Government: 

•  Values/attitudes  toward  group  vs.  individtial  (national  policies  vs.  individual 
enterprise). 

•  Social  structure:  emphasis  on  frame  (government  and  industry  on  the  same 
team)  vs.  attribute  (government  and  industry  working  separately  and  in  competi¬ 
tion). 

•  Communication  (indirect  vs.  direct). 

10.  Role  of  Universities 

Comparison: 


port  except  in  the  case  of  the  space  and 
defense  industries  (where  the  U.S.  govern¬ 
ment  and  industry  have  a  very  close  rela¬ 
tionship).  The  U.S.  government  does  not 
have  a  direct  counterpart  to  MITI,  but  it 
does  fund  a  great  deal  of  basic  research. 
However,  this  government  funding  is 
directed  toward  science,  leaving  tech¬ 
nological  innovations  to  industry.  In  sum, 
weaker  and  often  times  adversarial  rela¬ 
tions  exist  between  government  and 
industry  in  the  U.S.  when  compared  with 
Japan.  On  the  whole,  the  U.S.  government 
plays  a  relatively  minor  role  in  stimulating 
U.S.  innovative  competitiveness. 


Role  of  Universities 


While  both  Japanese  and  American 
universities  are  involved  in  research  and 
development,  Japanese  university  R&O  is 
more  directed  toward  applied  research 
and  specific  projects.  In  neither  cotmtry  do 
universities  receive  much  R&D  funding 
fiom  industry,  and  Japanese  universities 
receive  less  than  American  universities. 
Furthermore,  in  1982,  Japanese  industries 
invested  twice  as  much  money  in  foreign 
universities  as  it  did  in  domestic  ones 
(National  Research  Council  1989).  In 
sum,  Japanese  university  research  has 
played  a  minor  role  in  the  innovation  pro¬ 
cess. 


R&D  in  U.S.  universities  is  direaed 
toward  general  and  basic  science  research. 
There  is  a  closer  relationship  between 
industry  research  and  university  research 
in  the  U.S.  than  in  Japan,  but  R&D  fund¬ 
ing  from  industry  to  the  universities  is  still 
small.  Nevertheless,  university  research,  as 
it  supplies  industry,  does  fit  well  into  the 
U.S.’s  linear  conception  of  the  innovation 
process.  The  transfer  of  technology  from 
universities  to  industry  though  is  not 
always  effective. 
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Cultural  Influences  affecting  the  Role  of  Universities: 

•  Social  structure:  emphasis  on  frame  (specific  research  project)  vs.  attribute 
(general  research  topic). 

1 1.  Occupational  Status  by  Field 

Economic  and  innovative  success  depends  on  where  a  country’s  talented  people  choose 
to  work. 

Comparison: 

Status  of  Occupations 

The  field  of  engineering  is  highly  valued  In  the  U.S.,  the  natural  sciences  are 

in  Japan.  In  1984,  nearly  six  times  as  many  more  highly  valued  than  engineering,  and 

undergraduate  students  and  twice  as  many  science  is  seen  as  playing  a  more 

doctoral  students  received  their  degrees  in  important  role  in  relation  'to  technology 

engineering  as  in  the  natural  sciences  (Na-  than  manufacturing.  In  198.5,  approxi- 

tional  Research  Council  1989).  mately  one  and  one-half  times  as  many 

undergraduate  students  and  two  and  one- 
half  times  as  many  doctoral  students 
received  their  degrees  in  the  natural 
sciences  rather  than  in  engineering 
(National  Research  Council  1989).  The 
fields  of  medicine,  law,  and  business/ 
accounting  are  also  more  highly  valued  in 
the  U.S.  than  in  Japan. 

Cultural  Influences  affecting  Occupational  Status  by  Field: 

•  Values/attitudes  toward  science  and  technology. 

12.  Creativity 
Comparison: 

Management  of  Creativity 

Japanese  industry’s  strategy  toward  ere-  U.S.  industry’s  strategy  toward  creativity 

ativity  is  to  stimulate  it  through  the  cross-  is  to  devise  a  creative  environment  and 

fertilization  of  ideas  within  a  project  team.  leave  individual  professionals  alone  to  cre- 

Individual  independent  creativity  is  less  ate.  Individual  independent  creations  are 
encouraged.  highly  encouraged  and  highly  rewarded. 

Cultural  Influences  affecting  Creativity: 

•  Values/attitudes  toward  group  conformity  vs.  individuality. 

•  Values/attitudes  toward  group  dependence  vs.  self-reliance. 

•  Educational  systems  as  they  reflect  cultural  values  (following  guidelines  vs. 
independent  critical  thought). 

Footnote 

‘For  a  more  complete  and  detailed  description  of  these  cultural  descriptions,  please  refer  to  "Japan  and 
the  United  States:  A  Cultural  Comparison,"  by  Eric  Poncelet  in  this  volume. 
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INNOVATION  IN  THE  ARTS:  JAPANESE  AND  AMERICAN  APPROACHES 


Jacques  Maquet,  University  of  California  at  Los  Angeles 


It  is  only  at  the  Renaissance  that  art  emerged  in  the  Western  reality  as  a  separate 
category  of  oiqects  inade  just  to  be  looked  at  To  prompt  and  sustain  the  beholder's 
admirative  attention,  the  an  object  had  to  have,  among  other  qualities,  novelty.  Artists 
were  expected  to  malre  objects  different  from  what  had  been  m^e  previously. 

In  the  arts,  an  innovation  is  not,  as  in  economics,  the  introduction  of  a  new  object  into 
the  market.  It  is  a  new  configuration  of  forms,  a  new  style  that  is  socially  recognized  as 
different  from  the  eri-sting  styles—for  example,  in  architecture,  the  Gothic  style  was  an 
innovation,  different  from  the  Romanesque  style.  Innovations  are  based  on  a  new  cluster 
of  techniques  and  procedures.  These  techniques  and  procedures  either  were  invented  by 
the  innovators  (su<^  as  the  vanishing-point  perspective  at  the  Renaissance,  or  oil  painting 
in  the  ISth  century),  or  had  been  used  previously  and  put  together  in  a  new  cluster  by  the 
innovators.  Innovations  are  usually  collective,  originating  in  a  group  of  artists,  a  school. 
Russian  rayonism,  German  expressionism,  American  action  painting  are  examples  of 
innovative  movements  which  presented  new  types  of  visual  forms,  and  new  ideas  on  what 
painting  should  achieve  [1]. 

Creativity  refers  to  the  ability  of  an  individual  to  generate  something  that  is  new  to  her 
or  him.  Invention  and  innovation  refer  to  what  is  new  to  the  society.  If  an  isolated  young 
girl  discovers  by  herself  the  way  to  represent  depth  by  drawing  oblique  lines  on  a  two- 
dimensionai  surface,  she  has  created  something  new  to  her  but  not  to  her  society.  She  is 
highly  creative  but  her  technique  of  perspective  is  not  an  invention. 

One 

During  the  fourth  quarter  of  the  19th  century,  impressionism  was  the  first  significant 
school  in  the  Western-type  painting  of  Japan,  llie  Western-type  painting,  called  y6%a  in 
Japanese,  began  before  impressionism  and  the  Meiji  Restoration.  It  began  in  the  18th 
century,  at  the  time  of  the  "Dutch  Studies"-smdies  of  occidental  books,  mainly  on  applied 
sciences,  brought  by  the  Dutch  traders  in  Nagasaki  [2].  Shiba  Kdkan  (1747-1818)  was  a 
y6^  painter  in  the  Dutch  line,  during  the  Tokugawa  period  [3]. 

The  distinction  between  ydga,  the  "occidental  school,"  and  rtihonga,  the  "traditional 
school”  [4],  illustrates  a  typical  pattern  of  Japanese  cultural  thinking:  conflict  avoidance  by 
compartmentalization 

Interest  in  Western  painting  during  the  Edo  period  was  not  initiated  by  Japanese 
painten  but  by  the  shogunate  government  As  art  historian  Michiald  Kawaddta  wrote, 
"Western  art,  like  Western  languages  and  science,  was  being  studied  because  it  was 
considered  necessary  for  defense  and  diplomacy  as  well  as  for  the  advancement  of 
architecture  and  civil  engineering”  [6]. 

At  the  end  of  the  Tokugawa  period,  the  painter  Kawakami  Togai,  was  appointed 
direaor  of  the  Department  of  Painting,  at  the  Instimte  for  the  Study  of  Western 
Documents.  He  was  also  teaching  Western  painting  at  the  Military  Academy.  Yet  his  own 
works  were  of  the  rtihonga  type  and  he  did  not  consider  Western  painting  as  aesthetic  [7]. 

His  students  were  more  enthusiastic  about  Western  painting.  What  impressed  them  was 
its  achievements  in  representing  the  world  as  the  eye  sees  it  by  means  of  techniques  such 
as  per^cdve  and  modeling  with  light  and  dark.  As  painter  Shiba  Kdkan  had  commented. 
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one  century  earlier,  modeling  made  it  possible  "to  distinguish  a  sphere  from  a  circlen[8]. 

At  the  end  of  the  19th  century  and  the  beginning  of  the  20th,  an  impressionist  school 
developed.  The  leading  painters  were  Asai  Chu  (1856-1907)  and  Kuroda  Seiki  (1866- 
1924)-they  had  studied  in  France,  the  latter  for  nine  years  [9]. 

For  these  painters,  the  rendering  of  the  visual  impression  of  the  present  moment  was 
the  best  way  to  represent  the  world  as  the  eye  sees  it  Attention  was  paid  to  the  luminosity 
of  the  reflected  light,  the  contour  lines  marking  the  limits  of  shapes  were  attenuated  or 
suppressed,  the  scale  of  values  was  fully  used,  a  flexible  composition  was  favored,  and  the 
easels  were  set  up  outdoors-hence  its  name  in  Japan,  the  Plein-Air  school.  For  that 
generation  of  Japanese  painters,  impressionism  was  a  better  realism. 

At  the  time  impressionism  was  flourishing  in  Japan,  a  group  of  ten  American  painters- 
who  took  the  name  of  "the  Ten"-were  also  painting  impressionist  canvasses.  Their  first 
common  exhibition  was  in  1895.  Several  of  them  had  studied  in  Paris.  Some  were 
landscape  painters,  such  as  J.  H.  Twachtman  (1853-1902)  and  Childe  Hassam  (1859-1935), 
others  were  genre  painters  like  T.  W.  Dewing  (1851-1938)  [10]. 

Two 

When  considering  the  influence  of  culture  on  innovation  in  the  arts,  Japanese  and 
American  impressionisms  are  interesting  as  both  were  historically  derived  from  French 
impressionism.  They  began  as  technological  transfers.  This  did  not  prevent  the  movements 
to  be  innovative  in  Japanese  and  American  societies,  neither  the  painters  to  be  creative. 
What  did  result  from  the  national  impressionisms  in  Japan  and  the  States?  To  answer  this 
question,  let  us  briefly  consider  the  source,  French  impressionism. 

It  began  as  a  movement  when  a  few  painters,  having  been  rejected  by  the  official  Salon 
in  Paris,  organized  in  1874  their  own  private  exhibition.  The  initial  core  group  included 
Qaude  Monet  (1840-1926),  Jean  Renoir  (1841-1919),  Alfred  Sisley  (1839-1899),  and 
Fr6d6ric  Bazille  (1841-1870).  The  picture  of  a  harbor  in  a  misty  morning,  by  Monet,  had 
the  title  "Impression:  Sunrise."  The  name  impressionism  was  coined  by  a  critic,  adopted 
by  the  painters,  and  used  to  denote  their  group  that  lasted  as  a  school  for  at  least  twelve 
years  (their  last  exhibition  together  was  in  1886)  [11]. 

As  art  historian  E.  H.  Gombrich  has  put  it,  the  19th  century  was,  in  the  visual  arts,  the 
time  of  a  permanent  revolution  [12].  Impressionism  was  part  of  the  revolution.  The 
classical  old  masters  painted  their  subjects  as  they  knew  the  subjects  were  in  the  outside 
world:  three-dimensional,  sharply  in  focus,  with  local  color.  The  impressionists  wanted  to 
paint  the  subjects  as  they  were  seen:  permeated  by  the  luminosity  of  the  moment,  their 
local  color  modified  by  incident  and  reflected  light,  and  the  middle-  and  backgrotmd  figures 
somewhat  blurred. 

Impressionists  were  also  opposed  to  the  romanticism  of  painters  who  expressed  their 
own  emotions  and  excitement  about  the  scene  they  represented.  They  wanted  to  record 
the  subject  as  visually  perceived,  not  what  they  felt  about  it. 

Impressionism,  as  the  intellectual  position  we  have  just  sketched  out,  was  an  innovation 
in  the  French  artworld  of  the  second  half  of  the  19th  century.  At  that  time  classicism  and 
romanticism  were  not  abstract  systems  but  living  forces  represented  by  two  remarkable  and 
influential  painters  of  the  preceding  generation,  the  conservative  and  academic  Jean- 
Auguste  Ingres  (1780-1867)  and  the  rebellious  and  emotional  Eugene  Delacroix  (1798- 
1863).  In  the  Paris  of  the  1860s  and  70s,  impressionism  was  recognized  as  new,  even 
revolutionary  by  the  art  public. 

The  innovation  was  in  the  ideas  and  in  the  clustering  of  painting  procedures.  Were 
these  pictorial  techniques  invented  by  the  innovators?  No,  each  had  antecedents.  Turner 
(1775-1851)  had  emphasized  the  rendition  of  atmospheric  luminosity;  Delacrobc  had  blurred 
the  borderlines  of  shapes;  Rembrandt  (1606-69)  had  been  the  master  of  chiaroscuro,  the 
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gradations  of  values  from  lightness  to  darkness;  early  photographers  had  framed  their  " 
compositions  with  a  new  flexibility;  and  Francois  Millet  (1814-75)  had  painted  outdoors,  in 
the  fields  near  Barbizon.  Yet  the  combination  of  these  previously  known  techniques  in  a 
strong  cluster  was  a  collective  innovation.  It  was  the  basis  for  a  new  style. 

Three 

Tne  Japanese  impressionists,  Asai,  Kuroda  and  their  colleagues  imported  the  French 
impressionist  system,  ideas  and  practices,  as  a  whole.  They  did  it  by  going  abroad,  by 
learning  and  mastering  the  techniques. 

For  these  19th  century  artists,  the  techniques  to  be  mastered  included  not  only  the 
impressionist  ones,  but  all  of  the  Western  antecedents  of  these  techniques.  Impressionism 
was,  on  the  Japanese  cultural  scene,  more  novel  than  on  the  American  or  even  the  French 
one.  As  individuals,  the  Japanese  impressionists  were  not  imitators.  Like  the  French 
disciples  of  Monet  and  Renoir,  they  had  internalized  the  procedures  and  the  spirit  of  the 
new  style,  and  they  painted  original  works  within  the  impressionist  paradigm. 

Rapid  and  successful  assimilation  of  a  portion  of  a  foreign  culture  has  been  a 
recognized  pattern  in  Japanese  history.  From  China,  Japan  adopted  script  and  Buddhism, 
the  ranking  system  of  official  titles,  the  space  organization  of  a  capital,  and  many  other 
culmral  items.  As  Ruth  Benedict  has  put  it,  more  than  forty  years  ago,  "it  is  difficult  to  find 
anywhere  in  the  history  of  the  world  any  other  such  successfully  planned  importation  of 
civilization  by  a  sovereign  nation"  [13]. 

As  big  as  the  imported  portion  may  have  been,  there  was  always  selection  and 
interpretation  of  what  was  adopted.  The  list  of  titles  given  in  China  to  officials  who  had 
passed  state  examinations  was  adopted  in  Japan.  But  the  system  was  reinterpreted:  in 
Japan,  the  titles  were  bestowed  upon  hereditary  nobles  and  feudal  lords  [14].  Chinese 
Ch’an  Buddhism  was  adopted  in  Japan,  and  reinterpreted  into  Zen  which  is  distinctly 
different  from  it 

Something  similar  happened  with  the  adoption  of  impressionism.  The  study  of 
European  art  had  been  planned  by  the  shogunate  government,  and  later  the  imperial 
government,  but  some  artists’  interpretations  were  not  plarmed.  An  article  entitled  "Green 
Sun,"  that  has  been  called  an  impressionist  manifesto,  was  published  by  Takamura  K6tar6 
in  1910.  It  began  by  this  sentence;  "I  ask  for  an  absolute  freedom  in  the  world  of  the  arts. 

I  am  thus  ready  to  acknowledge  that  the  artist’s  personality  [in  the  Japanese  text,  the 
German  word  Personlichkeit  was  not  translated]  has  a  limitless  authority. ...  If  somebody 
sees  as  red  what  seems  blue  to  me  ...  my  only  concern  will  be  to  discern  how  he  treats 
what  he  perceives  as  red"  [15].  We  are  far  from  the  realism  of  the  disciples  of  Kawakami. 
Takamura  had  interpreted  impressionism,  and  gone  beyond  it~first  step  in  the  direction  of 
nonfigurative  painting. 

In  America  too,  impressionism  was  adopted  as  a  whole  system  during  the  last  decade 
of  the  19th  century.  As  in  Japan,  the  movement  was  iimovative,  and  the  individual  painters 
creative.  The  Ten  attempted  to  Americanize  what  was  at  that  time  perceived  as  an  avant- 
garde  French  movement  Their  effort  was  not  vigorous,  and  as  art  historian  Harold 
Osborne  has  put  it,  it  was  a  "quietist  and  unadventurous  impressionism"  [16].  It  did  not 
as  the  French  and  Japanese  impressionisms  did,  evolve  into  other  new  and  lively  art  trends. 

Four 

Japanese  and  American  impressions  brought  change  on  their  respective  art  scenes  by 
the  same  processes,  adoption  and  assimilation.  Yet  the  results  were  different  because  the 
approaches  were  different 

In  the  fourth  quarter  of  the  19th  century,  Japan  was  at  the  beginning  of  the  Meiji 
Restoration,  still  very  close  to  the  Edo  period  during  which  the  aesthetic  concern  was  not 
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focused  on  objects  made,  or  selected,  only  to  be  looked  at-what  we  new  call  art  objects 
[17].  (The  situation  was  the  same  in  pre-Renaissance  Europe.)  The  aesthetic  quality-the 
formal  excellence~was  present,  and  perceived,  in  instrumental  objects  (religious  buildings 
and  rituals,  artifacts  to  be  used  in  political  and  military  ceremonies,  and  in  everyday  life  at 
the  court  and  at  home).  Instrumental  objects  embodying  formal  perfection,  in  different 
degrees,  were  made  by  craftsmen  [18].  This  high  esteem  for  the  craftsmanship  quality  and 
the  aesthetic  aspect  of  artifacts  was  still  dominant  in  early  Meiji  JapaiL 

The  introduction  of  Western  art  and  Western  art  movements  was  confined  to  the  yoga 
compartment  of  the  culture,  a  sort  of  foreign  enclave.  It  was  not  incorporated  in  the 
mainstream  culture;  it  was  not  threatening  it  For  the  painters  working  in  the  yoga 
compartment  it  was  different  They  were  aware  that  someday  the  category  of  art  in  its 
international  dimension  would  be  included  in  the  Japanese  culture,  and  they  were 
committed  to  achieve  that  Meanwhile  compartmentalization  succeeded  in  assimilating  and 
insulating  foreign  art  and  its  potentially  dangerous  reinterpretations,  such  as  the  radical 
individualism  of  the  Green  Sim  manifesto. 

In  the  America  of  the  fourth  quarter  of  the  19th  century,  the  cultural  dependence  on 
Europe  was,  for  artists,  a  divisive  question.  Some,  following  the  examples  of  the  18th 
century  painters  John  Copley  (1738-1815)  and  Benjamin  West  (1738-1820)  identified 
themselves  with  the  European  artworld.  TTie  most  Europe-oriented  settled  in  Europe,  as 
Copley  and  West  had  done  in  the  18th  century.  Mary  Cassatt  (1845-1926)  joined  the 
French  impressionist  group  and  lived  in  Paris. 

Others  wanted  to  develop  styles  of  painting  independent  from  the  European 
movements.  This  was  not  easy  as  they  could  not  rely  upon  a  tradition  of  quality 
craftsmanship  comparable  to  the  Japanese  one.  The  immigrants  to  the  East  coast  of  North 
America  had  not  developed  a  high  level  of  proficiency  in  that  field.  In  addition,  American 
artists  were,  as  much  as  the  European  anists,  descendants  from  the  Renaissance.  They  did 
not  have  a  separate  ancestry.  Finally,  compartmentalization  is  not  an  American  strategy; 
a  new  movement  is  necessarily  in  competition  with  the  others. 

The  Ten  recognized  that  they  were  adopting  and  assimilating  a  European  movement. 
But,  at  the  same  time,  they  wanted  to  be  indep)endent  firom  Europe.  TTiey  were  on  the 
American  scene,  in  competition  with  others  and  could  not  develop  in  an  enclave.  Their 
movement  ended  with  the  death  of  the  last  of  them.  It  was  not  at  the  origin  of  other  vital 
developments,  new  avant-gardes,  as  in  Japan  and  France. 

Five 

About  one  century  later,  in  the  last  decade  of  the  20th  century,  the  situation  has 
changed  in  Japan  and  America. 

The  art  enclave  in  the  Japanese  culture  has  been  included  in  the  mainstream.  As  in 
all  the  urban  contemporary  societies,  art  (as  distinct  from  aesthetic  craftsmanship)  is  a 
recognized  part  of  the  culture,  even  if  the  appreciation  of  it  is  not  the  same  for  every 
segment  of  the  urban  population.  A  minority  that  includes  mostly  the  better  educated  and 
the  more  affluent-but  not  all  of  them-has  a  serious  interest  in  the  contemporary  visual 
arts.  The  rest  knows  about  the  arts  of  today,  but  is  rather  indifferent  or  puzzled. 

In  the  past,  traditional  craftsmanship  and  the  customary  icons  were  easily  assessed  and 
appreciated  by  everybody.  It  is  not  the  same  with  conceptual  art,  minimal  art,  and  other 
trends  called  zeruei  (avant-garde). 

The  art  of  today  in  Japan  is  international  in  the  sense  that  it  is  situated  on  the 
contemporary  "one-world"  art  scene  that  is  no  longer  fragmented  by  national  boundaries. 
And  it  is  Japanese  in  the  sense  that  it  is  made  by  Japanese  in  Japan.  It  seems  that  for 
these  post-Hiroshima  generations,  there  is  not  any  longer  a  problem  of  cultural  identity  in 
terms  of  either  Japanese,  or  foreign. 
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An  exhibition  that  traveled  in  North  America  in  1990-91  offers  an  example  of  an  an 
at  the  same  time  Japanese  and  intemationaL  Organized  by  the  Hara  Museum  of 
Contemporary  An  and  the  Los  Angeles  County  Museum  of  An,  it  is  called  A  Primal  Spirit 
and  presents  the  works  of  ten  sculptors. 

These  ten  sculptors  did  not  constitute  a  group  before  the  exbibition-''in  fact,  some  of 
them  had  never  met,  nor  heard  of  some  of  the  others”  [19].  Yet  they  have  a  common 
attitude  to  the  materials  they  use:  wood,  ffbers,  stone,  metals,  minei^  and  fired  clay. 
These  materials  are  not  just  raw  materials  to  be  transformed,  manipulated,  and  processed 
for  making  olqects  that  conform  to  the  artist’s  intention.  They  should  be  allowed  to  speak 
for  themselves,  as  it  were. 

Tbis  attitude  to  materials  derives  from  a  movement,  mono-ha^  which  emerged  in  the 
turbulent  late  60s.  Mono-ha,  which  means  "school  of  things,"  proposed  to  let  the  things,  or 
materials,  appear  "as  they  stood,  bare  and  undisguised”  [20].  Ibe  main  proponent  of  mono¬ 
ha,  Lee  U-Fan,  wrote  in  1969,  "we  must  learn  to  behold  the  world  as  it  is  without  making 
a  representation  of  iL"  To  achieve  this,  the  thing  has  to  be  presented  in  a  way  that  makes 
its  structure  apparent;  the  structure  is  "a  great  intermediary  that  allows  to  see  more  dearly 
the  world  as  it  is,  in  all  its  gestures  and  aspects”  [21]. 

In  interviews  conduaed  by  the  organizers  of  the  exhibition,  one  of  the  sculptors,  Koichi 
Ebizuka  (b.  1951)  told  that  most  Japanese  artists  working  today  use  a  material  "without 
attempting  any  dialogue  with  the  materiaL  ...  I  can  only  use  a  material  when  I  have 
stripped  away  the  various  levels  of  meaning  and  found  its  original  form. . . .  Every  tree  has 
an  i^erent,  individualized  expression  that  reflect  such  things  as  the  place  where  it  has 
lived-  [22]. 

Aziother  sculptor,  Toshikatsu  Endo  (b.  1950)  said  that  "when  I  work  with  fire  or  water, 
I  see  them  not  simply  as  material ...  I  am  not  creating  some  figure  through  the  use  of  fire; 
fire  as  a  phenomenon  is  what  I  am  interested  in"  [23]. 

From  this  first  common  attitude— giving  priority  to  the  material  over  the  objea— follows 
a  second:  recognizing  the  impermanent  nature  of  ^e  presented  thing.  The  works  exhibited 
by  seven  of  the  ten  artists  are  installations  that  are  dismantled  when  the  exhibition  is  over. 
Even  works  that  do  not  have  to  be  dismantled,  grow  old,  deteriorate,  and  decay.  Kazuo 
Kenmochi  (b.  1951)  uses  woods  that  have  been  reject^  the  waste  to  be  found  on  a 
construction  site.  By  "picking  this  wood  up  at  the  stage  in  its  cycle,  and  by  using  it  in 
my  work,  I  allow  it  to  stand  . . .  once  more.”  This  reprieve  will  come  to  an  end  also.  In 
that  case,  concludes  the  artist,  T  don’t  care  if  a  work  of  Tnine  js  destroyed  by  the  wind,  or 
rots  in  the  rain”  [24]. 

A  third  position  is  that  the  artist,  as  human  being,  is  not  separated  from,  and  opposed 
to  nature.  Trees,  like  humans,  are  unique.  Kimio  Tsuchiya  (b.  1955)  said,  in  an  interview: 
T  do  not  feel  that  there  is  any  great  difference  in  the  value  of  a  human  life  compared  with 
the  life  of  a  tree  . . .  The  wood  I  use  . . .  cannot  be  used  for  construction  or  for  traditional 
sculpture  ...  it  may  have  been  beautiful  when  alive  but,  once  cut,  it  has  no  commercial 
value ...  it  is  just  plowed  under  by  bulldozers  to  get  it  out  of  the  way.  Watching  thk,  I  feel 
as  though  the  bulldozer  is  plowing  into  my  own  fiesh.  Wood  is  not  just  matter”  [25]. 

Each  human  and  each  tree  is  unique.  It  does  not  mean  thiit  they  are  separate  beings: 
they  are  fragments.  "As  a  human  being  I  do  not  constitute  the  center  of  the  earth  but  exist 
only  as  a  single  point  within  nature’s  cycle,"  says  Takamasa  Kunyasu  [26]. 

From  this  third  common  position— that  the  artist,  as  human  beings  is  not  separated  and 
opposed  to  nature- follows  the  idea  that  the  work  is  not,  first  of  all,  an  expression  of  the 
artist’s  selL  As  Toshikatsu  Endo  said,  "Anyone  could  make  works  like  mine;  they  are  just 
drawings  of  circles.  Anyone  can  draw  a  perfect  circle. ...  It  is  as  though  I  am  making  the 
work  because  no  one  else  is  making  it"  [27]. 
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Emiko Tokushige  (b.  1939),  the  only  female  artist  in  the  exhibition,  said,  "I  amrather~ 
envious  of  Western  artists  for  the  intense  expression  of  ego,  or  self,  that  I  sense  in  their 
works.  I  am  overwhelmed  by  their  power  of  expression  since  I  am  unable  to  achieve  as 
much"  [28]. 

Six 

Because  these  ten  sculptors  have  so  much  in  common  and  are  associated  in  a  traveling 
exhibition,  they  constitute  a  group.  With  reference  to  the  exhibition  name,  we  can  call 
them  primalists. 

On  the  international  contemporary  scene,  they  are  situated  in  the  conceptual  current: 
the  object  is  primarily  a  vehicle  for  communicating  ideas,  and  secondarily  an  object  that 
retains  our  visual  attention.  In  other  words,  the  object  is  more  important  as  symbolic  than 
as  aesthetic. 

Some  works  made  in  the  1980s  by  Richard  Serra  and  Ulrich  Riickriem  in  Germany  [29] 
and  by  Chris  MacDonald  in  the  United  States  [30]  use  also  wood  and  stone  in  their 
elemental  forms  to  communicate  meanings.  They  have  a  resemblance  with  some  of  the 
primalist  installations  but  they  are  not  the  supports  of  the  same  "concepts." 

Primalism  is  yet  too  recent  to  know  if  it  will  be  recognized  by  the  international  art 
world  as  an  innovation.  It  probably  will  as  it  offers  a  cluster  of  techniques  and  concepts 
that  is  new.  The  configuration  is  new,  not  its  elements.  As  the  French  impressionists,  they 
did  not  invent  their  working  procedures.  Their  techniques  for  assembling  the  elements  of 
installations,  for  burning  wood,  for  preparing  copper  and  other  metals  were  used  by  the 
mono-ha  artists  twenty  to  fifteen  years  earlier.  Other  procedures,  like  deep  cutting  into  a 
trunk  to  make  bent-wood  forms  seem  completely  new. 

Their  ideas  and  attitudes  are  certainly  not  novel  either.  They  are  rooted  in  Shinto  (the 
deference  to  the  trees  as  individual  living  beings)  and  Buddhism  (the  continuous  change 
and  impermanence  of  the  world,  and  the  absence  of  a  substantial  core  in  sentient  beings). 
The  primalists  make  it  clear  that  they  are  not  religious  practitioners  but  they  recognize 
their  affinity  with  the  Buddhist  worldview. 

Primalist  ideas  and  procedures  are  derived,  but  their  cluster  is  original.  Their  approach 
to  things  and  materials,  to  artistic  creation  and  namre,  to  self  and  the  common  condition 
of  the  living  beings  constitute  a  set  of  ideas  and  values  that  unifies  the  diversity  of  their 
objects  and  installations. 

Even  if  their  encounter  in  a  common  exhibition  does  not  generate  a  recognized 
movement,  the  primalists  exemplify  a  creative  trend  that  is  at  the  same  time  international 
and  Japanese. 

Seven 

In  the  American  artworld,  the  identity  crisis  of  the  turn  of  the  century  has  been  solved 
after  World  War  II.  Artists  do  not  wonder  any  longer  if  they  are  Europe-oriented  or 
independent:  they  operate  on  the  "one-world"  scene  of  the  arts,  and  are  American, 

Conceptual  art  is  international.  American  and  Japanese  conceptual  artists  working  with 
wood,  stone,  and  metal  use  similar  techniques,  and  share  the  belief  that  artworks  are 
primarily  vehicles  for  the  communication  of  ideas.  Yet  their  objects  and  installations  are 
somewhat  different,  and  they  stand  for  different  ideas  and  values. 

The  Japanese  primalists  perceive  a  Buddhism-derived  ethos  as  a  solution  to  the 
contemporary  destruction  of  nature.  The  American  conceptualists  express  the  American 
ethos  as  they  experience  it  in  the  threatening  last  decade  of  the  20th  century. 

To  conclude,  when  a  group  of  artists  proposes  a  configuration  of  procedures  and  ideas 
that  is  socially  recognized  as  new  and  significant,  it  is  an  innovation.  The  group  may  have 
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invented  the  configuration  or  adopted  it  from  elsewhere.  In  either  case,  the  new  style 
offers  only  a  frame  for  the  individual  creativity  of  each  artist. 
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MODELS  OF  INNOVATION  AND  THEIR  POLICY  CONSEQUENCES 


Stephen  J.  Kline,  Stanford  University 


Two  top-level  models  of  innovation  in  industrial  societies  are  described  and  compared: 
The  conventional  (Linear)  model  and  a  newer  model  called  The  "Chain-Linked  model".  The 
comparison  indicates  the  linear  model  has  a  number  of  major  deficiencies. 

The  paper  also  suggests  broader  definitions  for:  (i)  the  systems  in  which  innovations 
are  embodied;  (ii)  innovation.  In  addition,  the  paper  provides  a  numerical  measure  of  the 
complexity  of  systems.  The  linear  model,  taken  with  the  associated  conventional  definitions, 
is  then  compared  with  the  chain-linked  model  taken  with  the  suggested  broader  definitions 
and  the  implications  of  system  complexity.  The  comparison  suggests  that  the  chain-linked 
model,  with  the  broader  definitions,  seems  to  provide  a  signil.jantly  better  basis  for  thinking 
about  policy  issues. 

Preliminary  Concepts 

In  order  to  carry  out  the  comparison  of  the  linear  and  chain-linked  models  as  they  apply 
to  policy  issues,  it  is  necessary  to  re-examine  two  basic  concepts:  (i)  the  nature  of  the 
systems  in  which  innovations  are  carried  out;  (ii)  the  definition  of  the  word  "iimovation". 

The  Nature  of  Systems  in  which  Innovations  Are  Carried  Out 

When  we  look  at  complete  systems  in  which  innovations  are  carried  out,  we  find  that 
they  involve  not  only  hardware  but  also  people,  organization,  financial  arrangements,  legal 
and  ecological  constraints,  and  often  other  factors.  Usually,  there  is  strong  coupling  between 
the  many  components,  particularly  between  the  social  (human)  and  the  techni^  (hardware) 
components.  For  this  reason,  I  like  to  call  such  systems  "SOCIOTECHNICAL  SYSTEMS". 
We  will  discuss  below  a  few  characteristics  of  sociotechnical  systems  which  affect  the 
understanding  of  policy  issues. 

Definition  of  an  "Innovation” 

If  we  think  about  sociotechnical  systems  and  how  we  might  improve  them,  it  is  not 
difficult  to  realize  that  improvements  are  possible  in  each  of  six  major  areas: 
o  Product 

0  Technical  process  of  manufacture 
0  Social  arrangements  in  the  system  of  manufacture 
o  Fiscal  or  legal 

0  Marketing  (the  sociotechnical  systems  of  distribution  and/or  use) 
o  The  system  as  a  whole 

Each  of  these  areas  has,  at  times,  been  the  locus  for  major  improvements  in  industrial 
systems.  Frequently,  more  than  one  area  has  played  a  role  in  a  given  advance.  Examples 
exist  throughout  the  literature  of  the  history  of  technology  and  management;  a  few  are  given 
in  Kline  (1985,  et  seq). 


•  This  paper  is  reprinted  with  minor  modifications  from  "Science  and  Technology  Policy: 
"What  Can  Be  Done?”  "What  Should  Be  Done?"  Proceedings  of  the  NISTEP  International 
Conference  on  Science  and  Technology  Policy  Shimoda  City  Japan,  Feb  2-5,  1990  with 
permission  from  NISTEP  and  MITA  Press. 
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Conventionally,  economists  have  defined  an  innovation  as  "the  introduction  of  a  new  (or 
improved)  product  into  the  market".  The  list  just  given  indicates  that  this  conventional 
definition  is  too  narrow.  A  definition  which  includes  all  six  of  the  possible  areas  of 
innovation  seems  needed. 

Suggested  Definition  of  "Innovation* 

•  An  innovation  is  any  change  in  the  sociotechnical  systems  of  design,  manufacture, 
distribution,  and/or  use  which  improves  the  performance  of  the  entire  system  with  regard 
to  cost  and  quality  of  product,  or  of  service  to  users  and/or  employees. 

Models  of  Innovation 

The  Linear  Model 

The  long  used  (Linear)  model  of  innovation  is  shown  in  Figure  1.  Linear  in  this  context 
denotes  sequential  (not  linear  in  the  sense  of  linear  equations). 

The  linear  model  has  been  used  widely  for  a  long  time,  at  least  in  the  western  world. 
However,  the  use  has  usually  been  implicit;  that  is,  the  linear  model  has  been  held  in  the 
minds  of  many,  but  seldom  written  down.  However,  we  must  not  let  the  fact  that  the  use 
has  been  implicit  delude  us  into  thinking  either  that  the  linear  model  has  not  been  used  or 
that  it  has  been  unimportanL  The  linear  model  has  been  invoked  in  nearly  all  the 
arguments  for  the  support  of  science  to  governments  right  up  to  the  present  time.  We  all 
know  well  the  references  to  science  as  the  "seed  com”  on  wWch  technology  draws.  Those 
of  us  who  have  lived  in  one  or  another  research  community  have  all  heard  many 
after-dinner  speeches  appealing  to  the  linear  model  as  a  justification  for  doing  basic  science. 
More  important,  thinking  in  terms  of  the  linear  model  seems  to  have  strongly  influenced  the 
institutional  forms  and  the  funding  policies  for  R  &  D  in  many  governments  and 
corporations.  Moreover,  it  is  important  to  note  that  models  which  we  hold  in  our  minds 
implicitly  can  have  more  power  than  models  we  re«?gnize  explicitly  as  models;  when  we  do 
not  recognize  our  ideas  are  models  of  reality,  we  tend  to  think  of  them  as  "the  truth",  and 
do  not  re-examine  and  improve  the  models  over  time.  In  sum,  the  linear  model  has  been 
the  way  many  people  have  thought  about  innovation  since  World  War  EL  Since  the  linear 
model  was  fir»  challenged  explicitly  only  recently  by  F.  Kodama  (1988),  by  the  writer 
(Kline,  1985  et  seq),  and  by  Gomoiy  and  Schmidt  (1988),  we  must  expect  that  many  people 
still  use  the  linear  model  as  a  basis  for  thinking  about  innovation. 

I  will  argue  in  this  paper  that  the  linear  model  suggests  more  inappropriate  than 
appropriate  actions  in  planning  and  managing  iimovations  in  the  sense  de^ed  in  the 
preceding  section.  In  order  to  make  this  demonstration,  it  will  be  economical  and  efiective 
to  introduce  what  appears  to  be  a  more  appropriate  model  which  I  call  The  Qiain-Linked 
Model" 

The  Cham-Linked  Model 

A  schematic  of  the  chain-linked  model,  as  originally  proposed,  is  shown  in  Fig.  2  with 
some  improvements  in  words  and  emphasis  suggested  by  several  early  commentators  on  the 
model,  most  notably  Harold  Hail  of  the  Xerox  Corporation.  An  important  further  addition 
to  the  chain-linked  model  owing  to  Yahagi  and  Morimoto  (1990)  is  shown  in  Fig  3. 

With  regard  to  Fig  2,  we  note  first  it  suggests  6  paths  as  being  important  in  iimovations. 
A  dozen  historical  examples  of  important  innovations  involving  each  of  these  six  paths  is 
provided  in  Kline  (1985  et  seq)  to  indicate  their  reality.  Each  of  these  six  processes  is 
described  next 

Path  1:  C-C-O-I:  The  links  marked  C-C-O-I  in  Fig  2  indicate  the  Central  Chain  Of 
Innovation.  This  is  the  well  recognized  path  by  which  designs  are  created  and  moved 
downstream  into  the  market  However,  there  is  a  critical  difference  from  the  equivalent 
path  as  indicated  by  the  linear  model  of  Fig  1.  In  the  chain-linked  model,  the  initiating 
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event  is  not  research,  but  rather  need-finding  followed  by  synthetic  design.  This  important 
difference  is  discussed  in  more  detail  in  the  section  contrasting  the  linear  and  chain-linked 
models  below. 

Path  2:  Links  f  and  F.  The  processes  indicated  by  the  links  f  and  F  are  feedback  links 
within  the  system  of  innovation  and  in  the  case  of  market  links  to  and  from  the  external 
world.  The  link  F  is  shown  broader  because  of  its  critical  importance  in  creating  new 
products. 

Path  3:  Link  I.  The  process  represented  by  the  Link  I  is  the  supply  of  instruments  from 
the  manufacturing  sector  for  use  in  scientific  research.  A  few  years  ago,  Derek  de  Solla 
Price  argued  that  the  support  of  science  by  technology  through  the  link  I  was  greater,  on 
balance,  than  the  contribution  of  science  to  technology.  In  the  writer's  view,  de  Solla  Price 
does  not  fully  establish  his  case;  the  question  of  which  is  more  important  to  the  other 
remains  moot.  The  argument  is,  in  any  case,  undecidable  since  the  contributions  are 
qualitatively  different.  So  perhaps  we  can  agree  that  each  of  science  and  technology  are 
important  to  the  other  and  have  been  over  at  least  the  past  century.  However,  we  might 
note  in  passing  that  without  Galileo  we  do  not  have  modem  science  and  without  the 
telescope  which  came  from  the  lens-grinding  craft,  we  do  not  have  the  critical  work  of 
Galileo.  The  same  remark  applies  to  the  roots  of  modem  medicine.  Without  the  work  of 
Pasteur,  we  do  not  have  the  origins  of  the  micro-organism  theory  of  disease,  and  the  critical 
work  of  Pasteur  demands  the  microscope  which  also  came  from  the  lens-grinding  craft. 
Hence,  the  historical  import  of  the  Link  I  is  very  clear,  link  I  is  nothing  new.  Moreover, 
very  few  of  us,  I  suspect,  would  argue  that,  in  present  time,  instruments  are  unimportant  in 
the  current  physical  sciences:  biology,  medicine,  agricultural  research,  etc. 

Path  4:  Link  S.  The  link  S  represents  the  support  of  fundamental  science  in  the 
research  laboratories  of  industrial  corporations.  This  path  is  about  a  century  old.  It  begins 
only  after  some  corporations  are  large  enough  in  terms  of  resources  and  market  size  so  that 
the  processes  become  economic  -  notably  in  General  Electric  and  the  Bell  Telephone 
system  in  the  U.S.  and  in  the  German  Dye  industry,  both  in  the  last  quarter  of  the  19th 
century  (see  Chandler,  1977;  Reich,  1985).  At  present,  nearly  all  industrial  corporations 
with  more  than  500  employees  cany  out  research  of  this  sort.  We  need  to  add  that  such 
corporate  research  is  normally  confined  to  areas  which  are  seen  as  possibly  contributing  to 
knowledge  that  will  improve  company  products  or  processes  and  rarely  extends  to  the  entire 
front  of  scientific  knowledge. 

Path  5:  Link  C.  The  link  C  represents  the  two  way  flow  of  ideas  between  scientific 
research  and  synthetic  design.  The  link  C  is  two  way  because  new  synthetic  designs  often 
generate  basic  problems  in  science.  Some  examples  include  Prandtl's  botmdaiy  layer  theory 
(for  application  to  wings  of  aircraft),  Edison’s  invention  of  the  parallel  circuit  (in  order  to 
make  his  lighting  system  possible),  and  the  concept  of  choldng  in  compressible  flows 
(empirically  from  turbine  practice  and  50  years  later  theoretically  from  needs  in  high  speed 
aircraft  design).  These  are  only  a  few  examples  from  a  much  longer  list  The  flow  from 
science  to  synthetic  designs  is  perhaps  the  most  widely  known  kind  of  innovation  since  it 
now  and  then  (once  every  five  or  ten  years  in  recent  decades)  has  created  a  spectacular 
event  ~  the  rise  of  an  entire  new  industry  as  in  radar,  lasers,  atom  power,  antibiotics,  genetic 
engineering  and  so  on.  Such  events  often  provide  a  jump  in  human  powers  and  the  human 
condition.  Nevertheless,  we  must  immediately  note  two  things.  First,  this  SCIENCE 
ENABLED  synthetic  design  is  relatively  rar“,  particularly  the  speaacular  big  events;  this  is 
the  rare  mode,  not  the  common  one.  Perhaps  as  much  as  one  product  innovation  in  a 
thousand  comes  from  this  source.  The  remainder  come  from  a  different  source,  from  what 
the  historian  of  technology,  Edward  Constant  (1980),  has  called  "technological  paradigms". 
As  Constant  notes,  a  technological  paradigm  is  last  year’s  model  which  embodies  practice 
and  accumulated  learning,  in  most  cases  over  years  (sometimes  centuries)  and  over 
generations  of  designs.  There  are  many  areas  still  where  we  cannot  do  science  enabled 
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designs  at  all,  and  all  designs  are  necessarily  based  on  the  appropriate  technological 
paradigms  -  all  combustions  systems  remain,  at  present,  in  this  class,  to  give  only  one  clear 
example.  Much  more  common.are  cases  where  some  of  the  design  is  science  enabled  and 
the  rest  is  based  on  a  technological  paradigm:  stationary  power  plants,  automobile  engines, 
machine  tools,  and  many  other  systems  remain  in  this  class.  Second,  science  in  no  case 
finishes  an  irmovation;  at  most,  science  enables  product  iimovations  since  production  and 
marketing  lie  still  downstream,  and  in  no  case  are  the  roots  of  production  and  marketing 
science;  this  non-science  base  is  true,  not  only  historically,  but  remains  necessarily  true  today 
for  reasons  which  will  be  elaborated  below  in  discussing  the  nature  of  sociotechnical 
systems.  The  closeness  of  the  research  output  to  the  market  varies  greatly  across  industries. 
In  drugs,  the  research  provides  the  final  product  In  mechanical-optical-electrical  devices 
with  high  piece  count,  there  are  often  many  intermediate  steps.  The  differences  show  in  the 
continuation  rate  of  R  &  D  projects  (Kodama,  1986). 

Path  6:  Links  K  AND  R.  TTie  links  K  and  R  represent  the  links  to  knowledge  and 
research  utilized  in  innovations.  Several  comments  about  these  links  are  needed. 

First,  knowledge  is  a  state  function  in  the  mathematical  sense;  knowledge  is  storable, 
cumulable  and,  in  part,  transferable.  Research,  on  the  other  hand,  is  a  process;  it  is 
transient  and  not  storable.  For  this  reason  alone,  we  ought  not  lump  knowledge  and 
research  since  confusing  state  and  process  functions  mathematically  leads  to  errors. 

Second,  on  a  more  physical  level,  we  do  not  design  from  this  year’s  research  ALONE 
anymore  than  we  live  OfTLY  in  the  houses  we  have  built  this  year.  In  the  design  process, 
the  designer  typically  calls  on  knowledge  in  the  following  order:  (i)  on  his/her  own 
knowledge,  (ii)  on  the  knowledge  of  immediate  colleagues,  (iii)  on  the  published  literature, 
(iv)  perhaps  on  an  expert  from  a  distant  location.  Only  when  ALL  four  of  those  sources  of 
knowledge  fail  to  solve  the  problem  thrown  up  by  the  design  in  hand,  do  we  resort  to 
research  for  the  obvious  reason  that  research  is  nearly  always  far  slower,  more  costly  and 
more  problematic  than  using  existing  conGrmed  knowledge. 

Third,  in  the  chain-linked  model,  research  is  seen  to  operate  all  the  way  down  the 
central  chain  of  innovation.  This  is  obviously  so  since  research  in  production  methods  and 
the  solution  of  problems  arising  in  the  field  after  use  of  a  product  has  begun  are  both 
frequent  sources  of  important  research  problems  in  all  mature  industries. 

First  Level  Comparison  of  the  Linear  and  Chain-Linked  Models 

Five  years  experience  with  the  chain-linked  model  has  not  indicated  the  need  for 
processes  not  shown  in  the  chain-linked  model.  A  useful  way  to  compare  the  linear  and  the 
chain-linked  model  is,  therefore,  to  examine  what  each  model  says  about  the  six  links  of  the 
chain-linked  model  one-by-one. 

Link  C-C-O-I.  The  linear  model  suggests  the  initiating  step  for  product  innovation  is 
research,  that  is  either  science  or  some  form  of  basic  research  as  contrasted  with  more 
applied  development  work,  since  development  is  the  next  step  in  the  linear  model.  The 
chain-linked  model  suggests  something  not  only  quite  different  but  also  more  appropriate 
in  two  ways.  First,  the  common  initiating  step  of  product  innovation  is  study  of  the 
technological  paradigm  embodied  in  existing  models  of  the  product  or  system  as  marketed 
by  various  companies.  Second,  there  is  a  call,  in  any  case,  on  existing  knowledge  before  one 
resorts  to  the  research  indicated  by  the  Link  C  of  Figure  2,  as  noted  in  discussing  the  links 
K  and  R  of  Fig.  3.  To  put  this  differently,  most  produrt  design  changes  originate  in  what 
we  call  human  creativity  —  a  little  understood  process  which  is  involved  in  much  science  but 
is  not  itself  what  we  ordinarily  call  science  or  research. 

For  the  Links  C-C-O-I,  the  chain-linked  model  thus  appears  more  appropriate  than  the 
linear  model  in  the  sense  that  it  seems  to  represents  reality  with  significantly  more  accuracy. 

Links  F  and  f.  The  Linear  mode!  contains  no  feedback  links  whatsoever.  The 
chain-linked  model  shows  feedback  links  everywhere.  This  not  only  conforms  to  the  reality 
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more  accurately,  but  as  we  will  see  in  discussing  system  complexity  in  a  later  section, 
feedback  links  are  vital  for  the  large  sodotechnical  systems  which  constimte  major,  mature 
industries. 

Link  L  This  link  is  also  missing  from  the  linear  model  Its  importance  both  historically 
and  in  present  time  is  obvious  and  easily  documented  by  as  many  examples  as  one  chooses 
to  seek.  A  few  important  examples  have  already  been  given  above.  Thus,  the  chain-linked 
model  appears  more  appropriate  in  this  regard. 

TJnlc  S.  The  linear  model  has  this  link  but  only  at  the  front  end  of  the  product 
innovation  process.  The  chain-linked  model  shows  the  link  acting  along  the  entire  central 
chain  of  innovation  by  distribution  of  research  efforts  and  storing  of  the  resulting  knowledge 
in  the  appropriate  place  in  the  knowledge  box  of  Fig.  2.  Unless  we  want  to  conclude  that 
research  on  design,  production,  Seld  experiences,  and  consumer  response  are  all  irrelevant 
to  produa  innovations  and  system  improvement,  we  must  conclude  that  the  chain-linked 
model  is  more  appropriate  than  the  linear  model  regarding  this  link. 

Link  C  This  lirik  has  already  been  discussed  in  connection  with  the  Links  C-C-O-I 
above  where  we  concluded  the  chain-linked  model  provided  a  more  appropriate  picture. 

Links  K  and  R.  These  links  are  also  mis.sing  ffom  the  linear  model  The  linear  model 
thus  confuses  this  year’s  research  output  with  the  storehouse  of  "technical'’  knowledge  which 
has  been  accumulating  since  the  emergence  of  the  human  race  about  2  million  years  ago. 
The  word  "technical"  is  placed  in  quotes  because  it  is  used  in  this  paper  to  denote  not  only 
scientific  but  also  technological  knowledge.  The  confusion  between  this  year’s  research  and 
the  accumulated  storehouse  of  scientific  knowledge  has  already  been  discussed  in  remarks 
about  the  Links  K  and  R  above,  and  need  not  be  repeated.  We  do  need  to  add  some 
remarks  about  "technological  knowledge." 

What  is  technological  knowledge?  Early  historical  examples  of  import  might  include 
the  wheel,  clothing,  boats,  writing  and  the  tools  for  writing,  printing,  the  processes  of 
agriculture  and  herding  in  their  early  forms,  etc.  Since  science  as  we  know  it  is  only  about 
300  years  old,  and  human  sodotedmical  systems  have  been  evolving  for  at  least  2  million 
years,  it  is  evident  that  innovations  over  all  but  the  most  recent  epoch  were  not  based  on 
science  as  the  historian  of  technology  Ed  Layton  has  noted.  As  we  already  noted,  some  of 
these  technological  innovations  were  essential  to  the  rise  of  both  modem  science  and 
modem  medicine.  So  historically,  the  impact  is  clear.  What  then  about  the  present?  My 
Stanford  colleague  W.  G.  Vincenti  has  recently  documented  some  imponant  modem 
innovations  in  technologicai  knowledge  that  are  spedfically  not  science.  His  examples 
include  the  derivation  of  "control  volume  theory"  (Vincenti,  1982).  Control  Volume  theory 
is  the  rational  basis  for  analysis  in  nearly  all  prime  movers,  and  any  other  device  where  mass 
flows  in  and  out  rather  than  staying  in  the  system  -  this  includes  perhaps  95%  of  all 
applications  in  many  engineering  fields.  Another  example  by  Vincenti  (1984)  documents 
the  rise  of  flush  rivets  for  aluminum  construction.  Vincenti  shows  the  process  arose  from 
need  for  drag  reduction  on  airframes,  and  that  it  arose  in  at  least  three  companies 
independently  in  the  same  time  frame.  In  all  three  cases  it  arose  directly  fr-om  work  on  the 
shop  floor,  not  from  any  research  labeled  by  that  name.  However,  Vincenti’s  examples  deal 
only  with  engineering  practice  and  omit  what  can  be  called  "neuro-muscular  skills"  embodied 
(literally)  within  skilled  workers,  for  example:  welding  skills,  tool  and  die  making  skills, 
crane  and  bulldozer  operating  skills,  machine-tool  operating,  etc.  There  are  also  many 
forms  of  important  industrial  knowledge  embodied  in  codes,  engineering  methods, 
experience  in  operating  large  projects  (see  for  example.  Squires,  1986),  and  other  forms. 
These  forms  of  knowledge  are,  in  fact,  so  important  in  engineering  practice  that  I  argue  in 
a  recent  paper  (Kline,  1989)  that  over  all  time  up  to  and  including  the  present,  technological 
knowledge  has  been  and  probably  remains  more  important  than  scientific  knowledge  in 
industrial  competitiveness.  We  will  revert  to  this  matter  in  the  discussion  of  system 
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complexity  below  where  we  will  see  that  shop  floor  origins  of  critical  technological 
knowledge  is  not  a  choice  but  a  necessity. 

The  first-level  comparison  of  the  linear  and  chain  linked  model  can  now  be  summarized 
as  follows.  Each  of  the  six  paths  of  the  chain-linked  model  embodies  a  significant  criticism 
of  the  linear  model.  Of  these  criticisms,  five  appear  to  be  of  great  import:  (i)  the  lack  of 
feedback  loops  in  the  linear  model;  (ii)  the  failure  to  indicate  the  importance  of  research 
in  design  and  production  processes  in  the  linear  model;  (iii)  mistaking  the  rare  case  of  how 
product  innovations  are  initiated  for  the  common  one;  (iv)  taking  this  year’s  research  as  the 
source  of  innovations  rather  than  the  more  primary  sources  of  stored  knowledge  and 
technological  paradigms.  The  fifth  is  elaborated  in  Section  VI  titled  The  Complexly  Of 
Systems. 

The  Role  of  Science  in  Product  Innovations 

Given  the  discussion  of  preceding  section,  the  question  arises,  "What  is  the  role  of 
science  in  product  innovations?"  Certainly  there  is  agreement  that  science  has  played  and 
continues  to  play  an  important  role  at  least  over  the  last  century;  however,  we  need  to  ask, 
"What  Science?,  and  "In  what  way? 

We  can  begin  to  form  an  answer  to  these  questions  by  looking  at  Fig.  3  which  arises 
from  a  recent  comment  on  the  chain-linked  model  by  Yahagi  and  Morimoto  (1990).  Yahagi 
and  Morimoto  rightly  point  out  that  the  common  source  of  technological  knowledge  in  the 
present  era  is  industrial  corporations.  This  was  not  the  case  until  a  century  ago  when  formal 
R  &  D  began,  and  it  is  not  the  only  source  currently,  but  is  probably  the  overwhelming 
source  in  the  industrialized  nations  today.  Industrial  corporations  routinely  create 
technological  knowledge  about  production  processes,  product  designs,  special  analytical 
methods,  neuro-muscular  skills,  etc.  as  part  of  their  basic  business.  Much  of  this 
technological  knowledge,  particularly  neuro-muscular  knowledge,  is  not  transferable  via 
speech  or  writing,  but  must  be  slowly  learned  in  situ,  on  the  job,  by  individual  workers. 
Even  that  fraction  of  technological  knowledge  which  can  be  transferred  in  writing  often  is 
not,  but  is  instead  held  as  company  proprietary  knowledge  in  support  of  the  competitive 
position  of  the  company.  This  lack  of  publication  of  technologi<^  knowledge  probably 
explains,  in  part,  why  technological  knowledge  has  been  widely  considered  inferior  to 
scientific  knowledge  despite  its  critical  import  in  design  and  production  which  are  the  central 
functions  of  engineering  and  form  the  core  of  industrial  competitiveness. 

For  these  reasons.  Fig.  3  divides  the  knowledge  box  of  the  chain-linked  model  into  two 
parts.  Technological  knowledge  (circled  Ts)  is  shown  as  coming  from  below,  that  is,  from 
the  work  along  the  Links  indicated  by  C-C-O-I  primarily  by  corporations.  Scientific 
knowledge  (circled  S’s)  is  shown  as  coming  from  above,  that  is,  from  research  in 
corporations  and  via  science.  The  Knowledge  Interface  of  Technology  and  Science  (KITS 
interface)  is  where  the  two  forms  of  knowledge  come  to  bear  jointly  on  a  problem  in  design, 
development,  production,  or  from  field  operating  experiences  and  market  requests. 

Thus  the  KITS  interface  provides  a  test  for  what  research  MAY  assist  in  irmovations 
of  commercial  import.  If  a  piece  of  science  carmot  be  brought  to  bear  on  the  KITS 
interface  for  some  application,  it  is  not  of  commercial  significance.  If  the  research  (or 
science),  arises  at  the  KITS  interface  it  is  of  commercial  impwrtance  by  construction.  This 
concept  fits  well  within  the  framework  of  "Demand  Articulation  of  Targeted  Technology 
Development"  developed  at  length  recently  by  Kodama  (1989).  Such  problems  have  usually 
been  labeled  "applied",  and  are  therefore  often  viewed  as  easier,  less  important,  and  less 
fundamental  than  problems  arising  along  the  boundaries  of  science;  however,  these  views 
are  all  over-simplifications.  Problems  arising  at  the  KITS  interface,  on  average,  are  harder 
than  those  arising  at  the  boundaries  of  science  since  they  typically  involve  more  constraints 
and  deal  with  more  complex  systems.  By  definition,  problems  at  the  KITS  interface  are 
more  important  commercially  than  any  other  class  of  problems  in  science.  Problems  arising 


at  the  KITS  interface  are,  on  balance,  less  fundamental  than  those-arisingt)n  the  boundaries  - 
of  science  virtually  by  construction,  but  some  problems  which  have  arisen  at  the  KITS 
interface  have  given  rise  to  very  important  fundamental  advances  in  science;  some  examples 
have  already  been  given.  There  are  many  more. 

Two  more  remarks  are  needed  to  complete  the  discussion  of  the  role  of  science.  First, 
the  methods  of  science  and  the  world  view  of  science  (as  distinct  from  the  knowledge 
content  of  science)  are  indispensable,  the  sine  qua  non,  of  all  technical  work  in  the  current 
world.  The  ancient  "traditional"  world  view  (see  Inkeles  and  Smith,  1976)  does  not  suffice 
for  technical  work.  Second,  the  knowledge  of  the  world,  embodied  in  the  principles  and 
equations  describing  the  MACROSCOPIC  world  and,  to  a  lesser  extent,  quantum 
mechanics,  are  the  foundation  stones  on  which  rational  analyses  in  engineering  designs  are 
grounded  and  organized.  Modem  engineers,  the  prevailing  central  body  of  "technologists" 
must  have  these  materials.  However,  these  principles,  with  certain  notable  exceptions 
(materials,  combustion  for  example),  have  resided  since  the  early  20th  cenmry  primarily  in 
the  knowledge  box  (not  the  research  box).  Hence,  the  current  problems  for  industrial 
innovations  lie  more  in  teaching  engineers  mastery  (not  mere  acquaintance,  but  tme 
mastery)  of  these  materials  with  suitable  design  examples  than  in  researching  the  principles. 
Moreover,  the  knowledge  which  will  be  gained  from  research  in  very  high  energy  physics  has 
a  much  lower  probability  of  producing  knowledge  which  can  be  brought  to  the  KITS 
interface  of  Fig.  3  than  the  principles  of  macroscopic  systems  which  were  already  largely  in 
place  by  the  end  of  19th  century.  The  energy  levels  needed  for  access  of  the  domain  of 
sub-nuclear  particles  is  so  high  that  costs  are  likely  to  severely  limit  applications.  The  same 
is  tme  of  astro-physics  which  deals  with  inert  systems  of  such  size  and  such  exotic  states  that 
it  is  hard  to  visualize  terrestrial,  commercial  applications.  Thus,  the  connection  between  the 
advances  in  physics  and  industrial  innovations  suggested  by  the  experiences  of  the  late  19th 
and  early  20th  centuries  may  have  altered  in  recent  time,  and  history  may  therefore  be  a 
poor  guide. 

The  Drivers  of  Innovations 

As  Howard  and  Guile  (1989)  have  noted,  the  drivers  of  innovation  shift  as  one  moves 
down  the  central  chain  of  innovation  and  thus  shift  with  the  stage  of  an  industry.  This  has 
important  bearing  on  the  appropriateness  of  models  of  innovation.  For  discussion,  we  can 
arbitrarily  divide  the  maturation  of  an  industry  into  five  stages:  nascent,  infant,  maturing, 
mature,  and  obsolescent. 

As  we  move  along  this  chain  of  maturation,  the  drivers  of  innovation  move  along  the 
Central  of  Innovation.  As  many  individuals  have  pointed  out,  as  we  move  along  this  chain 
of  maturation,  shifts  in  the  nature  and  number  of  firms  involved  and  in  the  rate  of  change 
and  magnitude  of  innovations  also  occur.  In  the  infant  stage,  100  companies  may  join  the 
race  for  market  dominance.  As  the  industry  matures,  one  or  a  few  dominant  designs 
appear.  These  designs  take  most  of  the  market,  and  the  number  of  companies  is  sharply 
reduced,  but  their  size  becomes,  on  balance,  much  larger.  These  changes  with  stage  of  an 
industry  need  to  be  reflected  in  an  appropriate  model  of  irmovation. 

For  this  discussion,  it  is  important  to  note  that,  in  the  nascent  stage,  only  one  or  a 
handful  of  workers  are  involved  in  the  radical  innovations  created  -  since  what  is  needed  is 
a  few  bright  dedicated  individuals  who  can  stand  outside  conventional  paradigms,  and 
rethink  possibilities.  This  is  true  both  historically  and  currently  and  in  large  companies  as 
well  as  small.  Radical  innovation  is  therefore  possible  in  small  companies.  However,  as  an 
industry  matures,  more  people  become  involved.  In  the  mature  stage  of  major  industries, 
very  large  organizations  are  needed  to  carry  out  all  the  tasks  of  design,  production, 
marketing,  ser\’ices  to  customers,  feedbacks  for  new  innovations,  etc..  Much  more  can  be 
said  about  these  issues,  but  these  remarks  are  enough  to  set  the  stage  for  the  next  seaion. 
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TABLE  1  -  DRIVERS  OF  INNOVATION 
STAGE  OF  INDUSTRY 


NASCENT 


INFANT 


MATURING 


MATURE 


OBSOLESCENT 


lie  Complexity  of  Systems 

We  often  speak  of  system  complexity,  but  we  have  had  no  numerical  measure  for  it 
L  simple  numerical  measure  of  system  complexity  has  been  proposed  recently  by  the  writer 
Kline  1989);  it  is  repeated  here  because  it  supplies  important  conclusions  concerning 
movation  processes. 

The  measure  requires  the  following  symbols: 

:  -  COMPLEXTTY  INDEX  OF  A  SYSTEM  (OR  CLASS  OF  SYSTEMS) 

^  »  NUMBER  INDEPENDENT  VARIABLES  NEEDED  TO  DESCRIBE  THE 

STATE  OF  A  PARTICULAR  SYSTEM  (OR  CLASS  OF  SYSTEMS) 

'  »  NUMBER  OF  PARAMETERS  NEEDED  TO  DELINEATE  A  PARTICULAR 

SYSTEM  FROM  OTHER  SYSTEMS  INCLUDING  THOSE  IN  THE  SAME  CLASS 
,  -  NUMBER  OF  FEEDBACK  LOOPS  WITHIN  THE  SYSTEM  AND  CONNECTING 

THE  SYSTEM  TO  ITS  ENVIRONMENT. 

Using  these  definitions,  we  can  take  as  the  upper  and  lower  bounds  of  C  the  following 
vhere  *  denotes  multiplication): 

V  +  P  +  L<C<VP-L  (1) 

For  a  given  system,  or  class  of  systems,  the  approach  of  C  to  the  upper  or  lower  bound 
f  Eqn.  (1)  will  depend  on  the  degree  of  connectivity  (coupling)  within  the  system  and  to 
le  environment  C  is  a  rough  measure,  but  nevertheless  appears  to  provide  imponant 
iformation.  We  can  see  this  by  looking  at  a  few  examples. 

Consider  first  the  paradigmatic  problems  analyzed  in  elementary  classes  in  physics, 
lemistry,  or  engineering.  Typically,  in  such  systems,  we  first  examine  one  system,  by  fixing 
te  values  of  P  thus  eliminating  that  source  of  complexity.  In  naturally  occurring  inert 
stems  (unlike  living  systems),  L  is  zero.  If  we  examine  the  equations  of  any  or  all 
ranches  of  physics  or  chemistry,  we  will  find  no  terms  representing  gathering  information 
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and  using  it  in  feedbacks  loops  which  connect  to  the  levels  of  system  controh^This  is-as  it 
should  be  because  inert  systems  relax  toward  equilibrium  but  do  not  measure,  process  or 
utilize  information  in  the  sense  living  systems  and  some  human-made  artifactual  systems  do. 
Thus,  if  the  equations  of  physics  (or  chemistry,  geology,  etc.)  contained  feedback  loops  of 
information,  they  would  erroneously  predict  behaviors  which  do  not  occur  in  the  systems 
these  fields  have  been  created  to  describe. 

Thus,  C  for  these  foundation  paradigmatic  systems  of  physical  science  deals  only  with 
V.  Moreover,  the  number  for  V  in  such  systems  is  usually  1,  2,  or  3.  This  is  true  for  the 
equations  of  mechanics,  electromagnetism  and  thermodynamics.  Indeed,  the  justly  famous 
"Phase  rule"  of  Gibbs  is  precisely  a  specification  of  the  number  V  for  systems  of  various 
forms  of  chemical  constitution  and  physical  aggregation.  Moreover  for  "a  simple 
compressible  substance",  the  phase  rules  indicates  V  «  2.  And  the  "simple  compressible 
substance"  is  the  central  paradigmatic  case  on  which  thermodynamics  is  built.  In  simple 
electrical  circuits,  we  have  simply  current,  I,  (or  voltage,  V)  as  a  function  of  time  and  thus, 
V  =  1.  For  the  building  block  circuit  P  =  3,  but,  as  noted  above,  we  begin  by  fixing  the 
values  of  the  parameters,  and  later  we  study  the  effects  of  variation  of  the  parameters  on 
system  behavior.  A  single  instance  of  turbulent  flow  has  V  =  C  =  4,  and  turbulence  has 
often  been  called  the  most  difficult  problem  in  physics. 

The  poirit  for  this  paper  is  that  C,  for  paradigmatic  systems  of  the  physical  sciences,  is 
usually  3  or  less;  C  =  6  is  considered  beyond  solution  typically.  Nor  do  computers  solve 
these  difficulties  for  systems  of  high  C.  To  do  the  easiest  cases  of  turbulence  (where  C  =4) 
even  for  the  most  degenerate  problems,  requires  of  the  order  of  two-man  years  of 
programming  and  2-6  months  CPU  time  in  the  largest  available  supercomputers  in  1989. 

Because  analyzing  systems  with  C  >  3  is  so  difficult,  in  the  physic^  sciences  and 
engineering,  we  have  evolved  many  powerfiil  tricks  for  reducing  the  number  C  in  order  to 
make  analyses  simpler,  or,  in  many  instances,  even  possible.  The  scope  and  range  of  these 
"tricks"  pass  beyond  the  needs  of  this  paper.  The  only  point  we  need  is  that  science  and 
paradigmatic  engineering  analyses  deal  with  systems  where  C  is  smalL  More  precisely,  we 
consider  C  =  4  a  very  difficult  problem,  and  C  =  6  is  usually  thought  to  be  beyond  ansdysis 
and  in  need  of  developmental  methods  for  study  (that  is,  design,  build,  and  test).  For  these 
reasons,  simple  paradigmatic  systems  with  C  <  4  are  central  building  blocks  for  system 
designs;  they  are  the  way  physical  scientists  and  engineers  think  about  the  world  for  the 
most  part. 

Wio/  is  the  value  of  C  for  more  complex  systems? 

For  the  complex  hardware  designed  by  modem  engineers,  the  number  P  can  be 
approximated  by  the  number  of  individually  called  out  items  on  the  drawings  needed  for 
manufacture.  This  can  be  quite  large,  in  the  hundreds,  thousands  or  tens  of  thousands. 

For  a  single  individual  human  being  the  lowest  number  assignable  for  C  is  a  billion 
(10''9);  this  is  a  purposeful  underestimate,  but  will  serve  for  our  purposes. 

For  a  single  sociotechnical  system  of  the  sort  which  constitute  large,  mature  industrial 
organizations,  the  lowest  number  that  can  be  assigned  (again  a  purposeful  underestimate) 
is  C  =  10^13. 

If  C  =  6  is  too  large  a  number  for  analysis,  what  then  can  we  say  about  a  system  where 
C  >  10^13  ?  The  obvious  answer  is  that  we  have  no  predictive  paradigms  of  any  reliability 
whatsoever  for  such  systems  as  wholes.  We  often  have  predictive  paradigms  for  parts  of 
such  systems,  but  certainly  not  for  such  systems  as  wholes.  Two  very  important  implications 
for  innovation  follow  immediately. 

First,  we  can  create  and  manage  sociotechnical  systems  only  by  building  and  observing 
the  systems;  analysis  and/or  computation  will  not  suffice. 

Second,  we  can  improve  sociotechnical  systems,  that  is,  create  innovations,  only  by 
observing  the  system,  creating  perturbations  which  we  hope  will  improve  performance,  and 
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then  observing  what  happens.  That  is,  we  control  and  improve  such  systems  by  open-loop 
feedback  processes  using  human  intelligence  in  a  leaming-by-doing  mode.  Computers  won’t 
do  the  job  because  we  lack  predictive  paradigms  without  which  we  cannot  instruct  the 
computers.  Computen  may  aid  the  open  loop  process  by  integrating  information;  they  may 
aid  in  analysis  of  critical  parts;  but  analysis  of  the  complete  systems  lies  beyond  the  power 
of  current  computers.  Given  what  we  know  about  "computability",  this  is  likely  to  remain 
true  forever. 

As  a  result,  when  sodotechnical  systems  grow  large,  we  must  create  and  keep  open  the 
feedback  links  which  provide  information  on  performance  both  for  operating  and  for 
improving  the  system.  In  such  systems,  as  soon  as  the  feedback  links  begin  to  atrophy,  the 
system  is  tendii^  toward  a  rigid  bureaucracy.  If  a  system  becomes  a  rigid  bureaucracy  and 
the  enviromnent  then  shifts,  as  nearly  all  environments  do  today,  the  system  will  tend  toward 
death.  We  have  observed  these  phenomena  in  many  now  expired  corporations. 

For  this  paper,  it  is  critical  to  note  that  the  remarks  of  the  previous  section  apply  to  all 
production  systems  in  industrial  corporations,  and  this  has  been  true  over  the  entire  period 
of  the  industrial  age;  (see  Kline,  1989).  This  point  has  major  bearing  on  what  we  will  see 
in  the  final  section  on  implications  for  policy.  The  same  remarks  apply  to  design  criteria 
for  complex  hardware  since  ±ose  criteria  reflect  the  preferences  and  needs  of  humans  and 
humans  institutions;  they  thus  invoke  the  complexity  level  C  appropriate  to  many  humans 
even  when  the  value  of  P  is  low  for  the  product  involved.  Here  again,  we  have  no 
predictive  theorems  and  no  computer  programs,  only  fallible  human  judgements. 

Implications  for  Policy 

This  section  is  an  initial  foray  into  the  relation  between  models  and  technology  policy. 
It  is  intended  to  provide  ideas  more  than  to  reach  conclusions. 

The  first  level  comparison  of  the  linear  and  chain-linked  model  in  the  section  above 
seems  sufficient  to  establish  the  severe  shoncomii^  of  the  linear  model.  In  this  section, 
we  will  therefore  consider  a  broader  basis  for  comparison;  We  will  compare  two  citisters  of 
ideas.  The  first  duster  will  consist  of  the  linear  model  plus  three  ideas  often  associated  with 
it:  (a)  sdence  is  the  basis  for  research,  (b)  the  systems  in  which  innovations  are  carried  out 
are  technical:  (c)  technical  systems  can  be  understood  through  sdence  taken  largely  in  the 
sense  implied  by  physics  and  chemistry  as  a  methodologicai  paradigm.  We  will  call  this  first 
duster,  "the  linear/sdence  duster”.  The  second  duster  will  consist  of  the  chain-linked 
model  plus  the  opposing  three  ideas:  (a)  research  via  observe  the  system  in  situ,  perturb  and 
feedbag  is  an  important  and  valid  form  of  research;  (b)  the  systems  in  which  innovations 
are  carried  out  are  sodotechnical;  (c)  sodotechnical  systems  have  complexity  numbers  so 
high  that  we  have  no  valid  predictive  theorems  for  the  systems  as  wholes.  We  will  call  this 
second  duster  the  "chain-linked/system  duster”.  In  this  way,  we  will  be  able  to  contrast  two 
very  different  schema  for  formulating  policy,  and  see  what  is  found. 

At  the  corporate  level,  the  linear/sdence  duster  suggests  directly  only  one  thing  for 
policy,  "Do  sdence”  since  sdence  is  the  genesis  of  innovations.  This  model  misses  five  of  the 
six  Ikiks  of  the  chain-linked  model  completely,  and  thus  tells  us  nothing  about  many 
importam  opportunities  for  innovation.  In  addition,  it  mistakes  the  rare  enabling  event  for 
common  primary  sources  of  innovation  -  creative  design  and  technological  paradigms. 
Moreover,  the  linear  layout  of  the  linear/sdence  duster  suggests  adoption  of  "over-the-wall" 
organization  of  innovation  where  separate  sections  (or  departments)  do  research,  design, 
development,  production  and,  marketing  with  handoffi  from  one  group  to  rhe  next  not 
involving  transfer  of  people.  It  also  suggests  that,  in  view  of  its  importance,  research  should 
be  carried  out  in  a  separate  laboratory  isolated  from  design,  production,  and  marketing 
functions.  Do  these  ideas  lead  to  effective  innovation? 

In  the  writer's  experience,  consulting  in  a  number  of  industries,  the  over-the-wall  mode 
of  organization  of  innovation  is  relatively  ineffective  and  slow.  It  tends  to  lead  to  higher 
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cost  designs  of  lower  reliability  products.  It  tends  to  set  up  ’Islaming”  of  other  sections,  thus 
retarding  solution  of  problems.  Finally,  the  over-the-wall  institutional  form  loses 
information  in  the  handoffs  between  sections  because  some  information,  often  critical 
information,  moves  only  with  people  and  not  via  drawings,  text  material  or  computer  Sles. 

In  no  instance  known  to  the  writer  has  a  truly  isolated  corporate  research  lab  been 
effective,  and  in  some  instances  such  labs  have  been  striking  failures.  Research  labs  seem 
to  be  effective  only  when  they  are  appropriately  articulated  with  downstream  functions  by 
feedback  loops.  In  successful  labs,  this  often  h^  included  movement  of  personnel  up  and 
downstream  along  the  central<hain<  of-innovadon.  Admittedly,  these  data  are  person^  and 
represent  a  small  sample  within  the  mechanical,  aeronautical,  chemical,  paper,  automotive, 
and  textile  industries.  The  drug  industry  may  show  different  results.  However,  the 
experiences  are  uniform,  and  they  suggest  the  linear/science  cluster  misleads  us  in  several 
significant  ways.  At  a  TnininniTn,  we  seem  to  need  a  broader  based  study  and  further 
thought  on  these  issues. 

Beyond  all  these  matters,  the  linear/science  duster  ignores  the  imponance  of 
technological  knowledge,  and  thus  assigns  it  a  lower  priority  than  sdence  (if  indeed  any 
attention).  Given  ail  these  difficulties,  one  might  ask,  what  is  ±e  correlation  between  recent 
advances  in  physics  and  chemistry  and  growth  of  the  gross  domestic  product  within  given 
nations.  If  the  linear/sdence  duster  is  a  good  model,  one  ought  to  find  a  positively  sloped 
correlation.  The  data  compiled  by  Hill  (1986),  shown  in  Figure  4,  indicate  precisely  the 
opposite  trend  for  the  period  1974-83. 

At  the  governmental  level,  the  linear/sdence  model  suggests  the  central  agendes  should 
fund  sdence,  but  not  technological  innovation.  That  has,  in  fact,  been  the  pattern  in  the 
United  States,  India,  Britain,  and  some  other  countries  since  World  War  IL  Recent  studies 
of  competitiveness  in  the  United  States  as,  for  example,  the  report  of  the  MIT  Commission 
(Denouzos,  et  al  1989)  and  Kline  (1989)  suggest  this  mode  misses  the  central  core  of 
competitiveness  and  is  therefore  insi^dent  Nashad  Forbes  (1989)  suggests  that  a  major 
source  oi  failure  in  innovation  systems  in  India  has  been  the  establishment  of  isolated 
government  research  labs  unconnected  to  industrial  enterprises.  As  a  result,  Forbes'  survey 
of  companies  indicates  they  have  gained  very  little  from  the  government's  researches  even 
:hough  India  publishes  as  many  sdendfic  papers  per  worker  as  western  nations.  This  use 
of  the  linear/sdence  duster  as  a  basis  for  policy  seems  particularly  unfortunate  in  the  third 
world  since  the  economies  involved  are  in  a  ^  less  ^equate  position  to  utilize  leading 
edge  sdence  than  those  of  the  already  industrialized  nations. 

The  cfaained-linked/system  duster  suggests  quite  different  actions  at  both  the  corporate 
and  the  governmental  level 

At  the  corporate  level  the  chained-linked/system  duster  suggests  examination  of  the 
whole  system  to  assess  priorities  for  the  locale  of  promising  innovations.  It  suggests  spedfic 
attention  to  creation  and  maintenance  of  rapid,  effective  feedback  links  at  many  points  in 
the  system.  The  chained-linked/system  model  suggests  utilizing  research  ail  along  the 
central  chain  of  innovation  (not  just  at  the  front  end),  and  it  suggests  doing  research  only 
after  existing  knowledge  has  been  exhausted.  It  implies  examining  not  only  sdentific 
paradigms  but  also  technological  paradigms  as  produced  by  the  company,  by  competitors 
and  by  leading  university  engineering  research  groups,  llie  chain-linked/system  model 
suggests  focusing  research  on  those  problems  which  are  thrown  back  from  the  work  to  the 
Kirs  interface  as  first  priority  (in  distinction  with  problems  generated  by  the  current 
frontiers  of  sdence).  It  implies  recognizing  that  the  systems  in  which  innovations  are 
embodied  are  so  complex  that  we  have  no  predictive  paradigms  for  such  systems  as  wholes. 
This,  in  turn,  implies  that  we  manage  and  improve  such  systems  by  observing,  perturbing 
and  feeding  back  the  results  in  an  iterative  fashion,  that  is,  through  leaming-by*doing.  This 
applies  particularly  to  design  of  complex  hardware  and  to  systems  of  production.  Indeed, 
the  history  of  effective  innovation  in  production  shows  this  has  been  the  effective  modality 
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/er  the  entire  industrial  age  (see  Kline,  1989).  It  has  been  true  once  again  in  the  recent 
aportant  advances  in  production  methods  in  Japan.  The  chain-linked/system  model 
‘cognizes  the  importance  of  the  creative  work  of  small  teams  (or  one  individual)  in  radical 
ivention  as  a  source  of  major  product  innovations.  It  also  recognizes  that  science  at  most 
cables  product  innovations,  and  that  this  enabling  occurs  only  relatively  rarely.  The 
lain-linked/system  model  also  points  to  the  fact  that  innovations  in  production  and 
larketing  require  many  people,  and  hence  need  cooperative  effort  and  clear,  rapid  feedback 
f  communications. 

None  of  the  ideas  listed  in  the  previous  paragraph  are  new.  Each  of  them  has  been 
;ed  by  many  corporations,  but  all  of  them  seem  to  have  been  used  by  only  a  few 
}rporations.  G)rporations  that  have  used  these  ideas  at  least  appear  on  average  to  be 
lore  successful  innovators,  for  example,  in  the  U.S.,  General  Electric  and  the  Bell 
elephone  system  before  its  breakup,  and  a  number  of  Japanese  companies  as  well. 

We  can  now  reach  two  highly  tentative  conclusions  about  the  chainrlinked/system 
uster.  First,  it  appears  to  be  a  useful  source  for  thinking  about  effective  management  of 
)rporate  innovations.  Second,  while  no  model  of  processes  as  complex  as  innovation 
lotild  be  considered  perfect  or  complete,  the  chain-linked/system  cluster  does  seem  a 
gniffcant  advance  over  the  linear/science  cluster  as  a  basis  for  thinking  about  policy  and 
istimtionai  forms  for  R  &  D  in  corporations. 

At  the  government  level,  the  chain-linked/ system  duster  suggests  governments  need  not 
oly  a  sdence  policy  but  also  a  technology  policy  which  aids  industry  in  various  ways  without 
irecting  industrial  efforts.  Some  of  these  ways  for  aid  indude:  pardai  support  for  very 
cpensive,  commercially  important  generic  R  &  D  projects  wUch  will  be  shared  by 
unpanies;  coordination  of  study  of  the  needs  of  industry;  support  for  critical  industries  such 
I  machine  tools  when  that  is  needed;  supply  of  extension  services  in  manufacturing  similar 
I  those  long'familiar  in  agriculture  to  help  small  manufacturers  who  can  not  afford  global 
larches  of  the  rapidly  advancing  technological  paradigms.  In  this  regard,  Japan  in  recent 
;cades  seems  to  havf  followed  these  procedures;  few  other  nations  have.  This  may,  in 
irt,  account  for  the  many  successes  in  innovadons  and  gains  in  market  shares  by  Japan  in 
icent  decades. 

In  the  United  States,  the  formal  policy  of  the  federal  government  has  been  to  fund 
ience  and  leave  technological  innovadons  to  companies.  But  this  formal  policy  has,  in 
ct,  been  only  part  of  the  story  because  mission  oriented  agencies  of  the  federal 
jvemment  (for  example,  NASA,  DOD,  DOE,  Agriculture,  and  NIH)  have  followed  policies 
r  closer  to  those  suggested  by  the  chain-linked/system  cltister  than  has  the  Nadonal 
ience  Foundadon. 

In  conclusion,  it  needs  to  be  repeated  that  this  final  secdon  is  an  inidal  investigadve 
ray  intended  to  suggest  ideas.  It  is  not  complete,  definidve,  or  backed  by  a  sufficient 
npiiical  data  base.  Despite  these  current  shortcomings,  the  discussion  seems  sufficient  to 
urant  further  study  of  the  chain-linked/system  cluster  as  a  way  of  thinking  about 
novadon  policy  at  Imth  the  corporate  and  the  governmental  levels  which  is  an  improve- 
ent  over  earlier  ideas  and  mod^  Applicadons  of  the  chain>linked/system  cluster  in  the 
ird  world  economies  may  well  be  important  for  effecdve  world  development. 
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SOME  CONJECTURES  ABOUT  INNOVATION  IN  NASCENT 
AND  INFANT  ADVi^CED  MATERIAL  TECHNOLOGIES 


W.  DAVID  KINGERY,  University  of  Arizona 


The  growth,  maturing  and  senescence  of  a  technology  is  very  much  like  that  of  anything 
else.  There  is  an  initial  nucleating  or  germinal  event  followed  by  an  increasing  growth  rate 
that  reaches  a  steady  state  and  gradually  slows  to  give  an  S*curve  such  as  represents  the 
growth  pattern  of  snow  flakes  from  the  vapor,  of  crystals  from  solution,  of  plants,  animals 
and  technnlngies.  A  variety  of  different  soda!  structures,  perceptions  and  environments  are 
important  nutrients  and  contexts  at  different  stages  of  the  process  and  require  diverse  sorts 
of  analysis.  Stephen  Kline  has  focused  most  of  his  analysis  of  innovation  on  mature 
industries  and  technologies.  I  want  to  focus  on  the  early  stages  of  the  growth  process,  on 
the  nucleating,  nascent  and  infant  technologies  which  are  the  central  focus  of  this 
conference. 

Economists  have  traditionally  defined  invention  as  the  conception  and  reduction  to 
practice  of  a  new  idea  sufficiently  different  that  it  would  not  have  been  obvious  to  a 
practitioner  skilled  in  the  art.  Then  innovation  is  the  successful  introduction  of  a  new  or 
improved  process  or  product  into  the  market.  As  shown  in  Fig.  1,  we  have  pointed  out  that 


□ISCAPO  or 
OTHCT  USE 

Flf.  L  A  number  of  interrelated  technologies  are  »**nriatrA  with  any  manufactured  artifact  These  technologies 
are  interrelated  and  interaa  to  form  a  socio>technoiogicai  system. 


an  artifact  or  product  is  embedded  m  a  context  of  technologies  in  which  materials  selection, 
design,  methods  of  manufacture,  distribution  and  use  are  interconnected  with  a  variety  of 
feedback  mechanisms  (Kingery,  1987)  in  use  as  well  as  design  or  manufacturing.  Based  on 
a  variety  of  examples  from  the  history  of  ceramics,  it  seems  that  the  most  prominent  feed¬ 
back  loop  afferting  design  and  manufacturing  technologies  arises  from  changes  in  or 
demands  from  user  technology,  that  is  perceived  modifications  of  performance  or 
performance  requirements  as  shown  in  Fig.  2.  (Kingery,  1988). 


Fig.  2.  The  most  important  feedback  loop  affecting  design  and  manufacturing  technologies  in  advanced 
materials  seems  to  arise  in  performance  reqmremeats. 

In  thinking  about  technological  innovation  in  advanced  materials,  it  is  helpful  to  keep 
in  mind  the  widely  used  Materials  Science  and  Engineering  paradigm  relating  processing 
to  structure,  properties  and  performance  (Fig.  3).  Structures  and  properties  that 
characterize  a  product  are  inanimate  attributes  that  can  be  precisely  measured  and 
compared.  In  contrast,  materials  synthesis,  preparation,  processing  and  manufacturing  are 
socio-technological  activities  that  involve  not  oiUy  artifact  but  also  human  behavior,  human 
perceptions  and  social  organization.  Likewise,  product  or  process  performance  involves  not 
only  the  process  or  product  itself,  but  human  behavior,  human  perceptions  and  social 
organization  as  well  as  fiscal,  legal  and  political  considerations.  These  in  turn  are 
embedded  in  a  larger  cultural  and  social  context.  Kline  lists  six  broad  areas  in  which  an 
innovation  may  improve  performance  of  a  manufacturing  system:  product,  process  of 
manufacture,  social  rearrangements  in  the  system  of  manufacture,  fiscal  or  legal,  marketing 
(the  socio-technical  systems  of  distribution  and/or  use),  and  the  system  as  a  whole.  Kline 
suggests  a  broader  definition  of  innovation:  "An  innovation  is  any  change  in  the 
sociotechnical  system  of  manufacmre,  distribution,  and/or  use  which  provides  an 
improvement  in  cost,  quality  and/or  match  to  customer  requirements." 

In  discussing  advanced  materials  innovations  we  often  discuss  technological  changes  in 
which  new  discoveries  and  inventions  are  the  starting  point.  As  we  investigate  deterministic 
origin  stories,  we  find  it  increasingly  difficult  to  have  much  confidence  in  separating  out  any 
particular  discovery  or  invention  as  an  intrinsic  starling  point.  In  the  new  technologies 
discussed  here  —  high  temperature  superconductivity,  low  pressure  diamond  synthesis, 
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Fig.  3.  Artifact  attribucea  •  stracmre  and  properties  -  are  different  in  kind  from  the  production  activities  which 
give  rise  to  structure  and  properties  and  the  performance  activities  which  make  use  of  structure  and  properties. 


silicon  nitride  structural  ceramics  —  that  will  be  seen  to  be  the  case.  For  example,  in  the 
development  of  high  T,,  oxide  superconduaois,  Bednorz  and  Muller  received  the  1989 
Nobel  prize  for  their  1986  discovery  of  an  oxide  superconductor  with  a  critical  temperature 
of  36*K.  However,  there  were  a.mimber  of  known  similar  related  oxide  superconductors 
with  lower  values  of  and  the  increase  from  23  *  K  to  36  *  K  did  not  have  any  particular 
technological  advantage.  It  was  only  when  new  compositions  were  discovered  with 
greater  than  77*  K,  the  boiling  point  of  nitrogen,  that  technological  innovation  and  a  fever 
for  new  discovery  developed.  Basalla  (1988)  has  pointed  out  that  in  the  evolution  of 
technology  we  can  always  find  antecedents  for  new  inventions  and  new  techniques.  There 
is  a  wide  range  of  novelty  and  it  is  the  processes  of  selection  that  are  critical  to  the 
unfolding  of  technology’s  path. 

G>mmercial  innovations  require  acceptance  in  the  market  place  of  customers  or  design 
engineers  or  factory  workers  to  become  zfait  accompli  In  much  the  same  way,  research 
or  technologicai  accomplishments  only  become  a  research  innovation  or  a  technological 
innovation  when  they  are  accepted  as  such  in  the  market  place  of  a  research  commtmity. 
This  can  only  occur  when  a  novel  accomplishment  is  put  into  the  public  domain  by  means 
of  a  published  patent  disclosure,  conference  presentation,  distributed  preprint,  news 
conference  or  article  descnbing  the  accomplishment.  A  very  small  fraction  of  such 
achievements  come  to  be  accepted  by  a  community  of  practitioners,  diffused  throughout  the 
community  and  serve  as  paradigms,  model  achievements  (in  the  sense  of  Thomas  Kuhn, 
1970)  which  are  widely  recognized,  adopted  and  used  within  a  technical  community.  A 
successful  research  innovation  is  recognized  by  its  success  in  the  market  place. 

As  discussed  by  M.  Polanyi  (1958)  and  T.  Kuhn  (1970),  the  essential  element  for  market 
acceptance  of  a  novel  research  or  technological  innovation  is  the  anticipation  of  future 
promise  as  is  exemplified  by  high  temperature  oxide  superconduaors.  Recognition  of 
future  promise  tends  to  be  muted  in  most  scientific  publications;  researchers  have  found 
that  speedy  recognition  is  more  often  achieved  with  a  story  in  the  Wall  Street  Journal  or 
the  New  York  Times  than  in  Physical  Review.  Name  recognition  of  the  researcher  within 
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the  technical  community  can  also  accelerate  or  impede  the  transition  from  research 
accomplishment  to  a  recognized  research  innovation.  A  part  of  the  skepticism  about 
diamond  synthesis  in  the  Deryaguin  laboratory  can  be  attributed  to  that  group’s  affiliation 
with  the  earlier  thoroughly  di^edited  claim  for  a  new  form  of  water,  polywater,  which  was 
found  to  be  nonexistenL  A  third  factor  is  related  to  the  level  of  frustration  that  lack  of 
success  has  engendered  in  a  research  community.  Metallic  superconductors  seemed  to  have 
rea(±ed  an  asymptotic  critical  temperature  limit  of  232  *K.  Finally,  there  are  cultural 
factors  affecting  the  various  communities  concerned.  Some  communities  have  a  strong 
"only  if  invented  here"  approach  to  novelty;  others  axe  eager  to  embrace  and  expand  on  the 
work  of  others.  Research  innovations  and  technological  innovations  occur  within  a  cultural 
and  social  context  in  which  human  behavior,  human  perceptions  and  social  organization  are 
as  important  as  pfaysico-chemicai  processes  and  product  attnbutes.  Recognition  and 
acceptance  of  an  innovation  in  the  technological  marketplace  by  the  involved  community 
is  not  absolute,  but  involves  perceptions  and  judgments  about  which  informed  observers 
may  differ. 

In  the  history  of  invention  and  innovation  Thomas  Hughes  (1989)  has  pointed  out  that 
successful  inventors  and  innovators  have  identiffed  and  focused  their  attention  on  critical 
problems  which  he  has  called,  in  analogy  with  a  military  front,  reverse  salients  of 
technological  systems.  Sperry’s  invention  of  the  gyro-compass  as  a  basic  component  of 
navigational  systems  for  use  on  steel  ships  resulted  from  Sperry’s  perception  that  compass 
technology  was  a  reverse  salient  in  ^e  change  from  wooden  sailing  ships  to  steel 
steamships.  It  is  widely  agreed  that  Edison’s  development  of  a  lighting  system  required  an 
effective  integration  of  all  system  components:  generating  plant  and  distribution  lines  as 
well  as  an  effective  incandescent  light  bulb.  Basalla  (1988)  has  pointed  out  that  innovation 
always  consists  of  a  replacement  or  substitution  of  a  new  material,  device  or  process  having 
some  analogical  relationship  to  a  predecessor.  This  is  true  even  of  those  inventions  that  we 
think  of  as  revolutionary  new  ways  of  doing  things.  It  explains  why  revolutionary  inventions 
have  occurred  so  often  as  multiple  events  and  have  so  frequently  been  prediaed  in  science 
fiction.  It's  not  so  much  imagining  what  to  do  but  rather  how  to  do  it  within  an  effective 
integrated  system  of  technology. 

For  advanced  materials  we  may  wonder  if  these  historical  insights  are  good  analogies 
because  material  innovations  are  driven  not  so  much  by  reverse  salients  in  an  existing 
materials  technology,  but  rather  by  reverse  salients  in  the  development  of  systems 
incorpantting  new  materials.  However,  in  large  measure  the  differences  between  opportunity 
and  need  lie  in  the  eye  of  the  beholder.  Silicon  nitride  was  perceived  by  the  British 
Admiralty  in  the  1950s  as  a  reverse  salient,  a  critical  necessity  to  achieve  the  vision  of  a 
future  temperature  light  weight  gas  turbine.  The  need  for  this  existed  in  what  we  may 
see  as  a  cultural  imperative  for  improved  gas  turbines  for  advanced  weapon  systems.  This 
was  clearly  perceived  in  Britain  but  generally  overlooked  in  other  military  cultures.  Two 
decades  later  in  the  U.S.,  DARPA,  an  agency  created  for  the  special  purpose  of  identifying 
and  developing  opportunities  related  to  weapom  systems,  perceived  an  opportunity  for  a 
ceramic  automotive  gas  turbine  as  worth  pursuing.  A  few  years  later  with  the  oil  shock  of 
the  1970’s  there  came  into  being  a  widely  perceived  need  for  more  efficient  engines  and  gas 
turbines  which  was  combined  in  Japan  with  the  perceived  opportunity  (and  need  in  their 
island  economy)  for  the  economic  advantage  of  being  on  the  forefront  of  cutting  new 
technologies;  this  led  to  Mm  sponsorship  of  silicon  nitride  research.  Sometime  later,  Isuzu 
and  Kyocera  as  well  as  Nissan  and  NGK  Spark  Plug  Co.  saw  an  opportunity  to  develop 
marginally  improved  automobile  engine  performance  as  a  way  of  improving  processing 
capabilities.  They  perceived  this  opportunity  as  providing  long  term  advantages,  starting 
with  small  and  almost  insignificam  markets;  a  necessary  way  of  learning  by  doing.  The 
anticipation  of  a  significant  profitable  market  for  silicon  nitride  structural  ceramics  remains 
an  anticipation  after  fifty  years  and  several  hundred  million  dollars  of  investment  in 
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research  and  development  programs.  (But  automotive  parts  including  supercharger  nirbines 
are  now  a  break-even  business  of  more  than  one  hundred  million  dollars  per  year). 

It  was  the  discovery  of  low  pressure  diamond  synthesis  and  of  oxide  superconductors  by 
the  scientific  community  that  created  an  opportunity  for  innovation.  It  is  the  anticipation 
of  unproved  performance  in  a  number  of  possible  devices  and  systems  rather  than  any 
eTTsting  system's  critical  need  that  has  led  to  the  scramble  to  achieve  research  innovations 
that  in  time  —  my  guess  is  quite  a  long  time  —  may  re^t  in  a  significant  commercial 
market 

The  measure  of  strength  of  an  opportunity  for  nascent  innovation  in  advanced  materials 
lies  not  in  the  materials  themselves  but  rather  from  the  fact  that  these  materials  may  be 
the  criticai  component  the  reverse  salient  is  tut  or  imagined  device  or  system 

haviti'  a  much  larger  value  than  the  potential  cost  of  the  advanced  materiaL  While  it 
seems  extremely  unlikely  that  the  discounted  future  value  of  silicon  nitride  as  a  commercial 
innovation  will  ever  approach  the  hundreds  of  millions  of  dollars  and  forty  years  of  research 
and  development  already  invested,  that  is  not  necessarily  true  of  higher  temperature  low 
weight  gas  turbine  engines.  Even  so,  engine  manufacturers  have  not  been  betting  their  own 
money  on  this  proposition.  It  is  rather  ±e  potential  users  of  this  technology,  military 
establishments  or  power  generation  systems  focussing  on  an  even  more  expensive  system 
than  the  engine  itself,  for  whom  the  potential  benefits  may  possibly  match  the  cost. 

In  contrast  to  silicon  nitride,  there  has  been  extensive  industrial  investment  aimed  at 
developing  manufacturing  processes  for  diamonds  and  oxide  superconductors.  This 
represents  the  judgment,  perhaps  the  fear,  that  commercial  innovation  of  these  materials 
will  have  a  gignifleant  impact  on  computer  systems  (for  the  likes  of  AT&T,  IBM  and 
Hitachi),  military  instrumentation  (for  DARPA)  and  now  in  Japan  for  long  term  programs 
for  power  generation  and  perhaps  even  magnetic  levitation  systems.  In  a  sense  we  have 
come  a  full  circle  in  that  opportunities  are  also  seen  as  perceived  needs  of  system  designers 
and  system  usen  who  have  a  sufficient  stake  in  the  outcome  to  justify  the  ^counted  costs 
sf  present  research  in  advanced  materials.  Push-pull  models  of  the  innovation  process  are 
'natricabiy  insertwinecL 

If  we  accept  that  advanced  materials  are  of  value  because  they  are  incorporated  into 
larger,  more  valuable  devices  or  systems,  we  can  conjecture  that  the  current  existence  of 
au±  a  device  or  system,  or  the  precision  with  which  it  can  be  designed  and  the  necessary 
performance  factors  predicted,  or  the  extent  to  which  it  is  merely  a  bltirred  vision  of  the 
future  should  affect  the  rate  of  advanced  material  technological  innovation.  In  1896, 
iValther  Nemst  discovered  electrolytic  conduction  in  solids  and  invented  the  concept  of  a 
igbt  bulb  operating  in  air,  without  the  necessity  of  a  vacuum  enclosure,  using  a  refractory 
drconia-yttria  glower  as  the  electrically  conducting  incandescent  element.  The  device  was 
dearly  envisioned,  a  sansfactory  glower  was  the  critical  achievement  necessary  and  the 
(lower  fit  into  an  existing  system  of  power  generation  and  distribution  with  no  system 
hanges  required.  The  technology  to  achieve  this  —  forming  the  glowers,  providing  circuitry 
or  preheafing  the  incandescent  element  and  adding  a  necessary  ballast  resistance  —  were 
apidly  developed  along  with  the  processing  of  the  advanced  ceramic  material  suitable  for 
nanufacturing  the  Nemst  glower.  This  new  light  bulb  was  a  successful  commercial 
onovation  achieved  in  less  then  two  years.  (But  it  also  had  a  short  life,  soon  being  replaced 
ly  superior  tungsten  filament  bulbs).  High  dielectric  constant  barium  dtanate  was  able  to 
ubstitnte  directly  for  other  materials  as  a  capacitor  dielectric;  soon  after  its  discovery  it  was 
Qtroduced  as  a  successful  advanced  material  iimovation.  More  recently,  the  rediscovery 
)f  solid  ionic  conductors  such  as  stabilized  zirconia  and  beta  alumina  has  created  new 
pportunities  for  developing  energy  storage  systems,  solid  electrolyte  batteries  and  fuel 
ells.  None  of  these  devices  would  directly  substitute  for  part  of  an  existing  systeriL  Not 
niy  advanced  materials  and  new  devices  are  required,  but  also  substantially  modified 
ystems  wooid  have  to  replace  or  substimte  for  complex  existing  systems.  This  is  obviously 
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a  task  requiring  a  much  greater  activation  energy  and  longer  time  constant  than  merely 
replacing  a  component 

The  conjecture  that  evaluation  of  the  potential  rate  of  commercial  innovation  for  an 
advanced  material  must  begin  by  considering  required  modifications  to  the  system  in  which 
it  is  implanted  or  the  creation  of  a  new  system,  the  complications  of  new  device 
development  and  only  then  working  back  to  material  attributes  such  as  structure, 
properties  and  processes  of  material  synthesis  seems  quite  likely.  This  conjecture  requires 
that  the  use  tedmologies  of  the  system,  device,  and  material  plus  legal,  fist^  political  and 
cultural  perceptions  as  well  as  social  organizations  associated  with  all  these  components  of 
a  system  are  essential  constitaents  for  any  analysis  of  advanced  materials  technology 
innovation.  Advanced  materials  tedmologies  are  essentially  enabling  technologies. 

As  we  have  seen  with  silicon  nitride;  a  consequence  of  the  requirement  for  transforming 
a  discovered  opportunity  into  a  novel  component  giving  rise  to  a  changed  device  which  is 
part  of  a  new  product  in  a  modified  system  is  that  the  time  required  from  discovery  to 
significant  commercial  innovation  may  be  very  long.  From  the  1911  discovery  of  low 
temperature  superconductivity  in  metals  some  five  decades  passed  before  commercial 
innovation  was  achieved.  li  has  been  suggested  that  the  half  life  for  materials  iimovation 
is  becoming  shorter  (Hench,  1990),  but  we  have  doubts  about  that  as  a  general  proposition. 
It  depends  on  the  nature  of  the  system  and  the  advanced  material.  For  a  direct 
replacement  of  one  material  by  another  without  changing  the  product  or  device  very  much, 
change  can  be  rapid.  When  whole  new  systems  need  to  be  developed,  we  see  no  shon 
rapid  path  to  commercial  innovation. 

A  consequence  of  this  primary  conjecture  about  the  importance  of  user  systems  would 
seem  to  be  that  the  rate  of  progress  toward  innovation  is  proportional  to  the  strength  of 
the  feedback  loops  between  system  users  and  designers,  device  users,  designers  and 
manufacturers,  and  materials  users,  designers  and  manufactures.  Materials  developed  for 
internal  use  achieve  commercial  success  much  more  rapidly  than  those  searching  for 
markets  (Economy,  1988).  In  electronic  ceramics  the  maintenance  of.  close  interactions 
with  useis  and  rapid  feedback  was  a  principle  characteristic  of  the  growth  of  Kyocera  as 
a  leading  electronic  ceramics  manufacturer  (Qark  and  Rothman,  1986).  More  recently  the 
close  relationship  of  Nissan  with  NGK  Spark  Plug  Co.  and  Isuzu  with  Kyocera  in 
developing  ceramic  components  for  automobiles  seems  to  have  been  an  essential 
constiment  of  their  successful  innovations. 

The  degree  of  change  required  in  downstream  components,  devices,  products  and 
systems  for  an  advanced  material  irmovation  to  occur  is  a  function  of  the  advanced  material 
and  the  system,  not  related  to  culture  per  se.  The  long  time  constants  imposed  by  system 
changes  resulting  from  advanced  materials  innovation  place  the  value  of  such  innovations 
in  the  realm  of  system  developers  and  system  users,  i.e.  defense  departments.  Mm  and 
large  corporations  with  a  long  time  frame.  The  requirement  for  effective  user  technology, 
design  technology  and  manufacturing  technology  feedback  would  seem  to  favor  corporate 
cultures  with  close  relationships  between  users  and  manufacturers.  In  the  U.S.  these 
relationships  exist  in  the  field  of  military  procurement  in  spite  of  nominal  arms  length 
negotiatiorL  As  a  result,  the  rate  of  innovation  in  military  systems  has  been  very  high. 
Otherwise,  the  American  culture  of  purchasing  agents  playing  off  one  supplier  against 
another,  low  cost  bid  procurement  procedures  and  price-determined  procurement  would 
seem  to  mitigate  against  the  dose  feedback  loops  required  for  effective  innovation.  The 
vertical  structure  and  doser  relationships  of  large  manufacturers  with  customers  and  with 
client  suppliers  in  the  Japanese  corporate  structure  would  seem  to  be  a  much  more  fertile 
environment  for  advanced  materials  innovation  in  the  commerdal  market 

In  his  discussions  of  the  progress  of  sdence,  Ivlichael  Polanyi  (1958)  has  pointed  to  the 
importance  of  tadt  knowledge.  We  conjecture  that  there  is  a  large  element  of  tadt 
knowledge  involved  in  the  development  of  new  or  modified  methods  of  synthesizing, 
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processing,  manufacturing  and  using  advanced  materials.  This  means  that  there  must  be 
a  large  amount  of  learning  by  doing  and  implies  the  need  for  dose  interaction  and  strong 
feedback  between  users  of  products  with  material-enhanced  performance,  workers  and 
engineers  actually  making  things  and  ±e  sdentist-engineers  designing  them.  If  this 
conjecture  about  tadt  knowledge  is  correct,  then  the  transfer  of  tadt  knowledge  must  go 
in  both  directions  along  a  chain  of  interactions  —  in  materials  manufacturing  from  the 
process  designers  to  the  production  engineers  and  also  from  production  engineers  to 
process  designers.  This  was  certainly  the  case  in  1900-1902  at  the  Nemst  Lamp  factory  in 
Pittsburgh  where  chemists  and  engineers  were  active  partidpants  at  the  factory  engaged  in 
the  invention  and  production  of  the  Nemst  glower  as  a  unified  activity.  Increasingly,  as  a 
result  of  sdendfic  man^ement,  of  Taylorism,  and  the  development  of  mass  producdon, 
there  has  grown  to  be  a  chasm  between  management,  engineers  and  workers  in  the  U.S. 
A  corporate  culture  has  developed  in  which  management  directs  the  team  effort  and  often 
considers  workers  as  cogs  in  the  manufacturing  process.  This  culture  of  strong  specific 
direction  makes  the  acceptance  that  tadt  knowledge  flows  in  both  directions  difficult  and 
hampers  successful  innovation. 

Effective  internal  communication  within  a  manufacturing  corporate  culture  between 
designers,  engineers  and  manufacturing  workers  seems  essential  to  the  commerdal 
innovation  of  processes  involving  tadt  knowledge  and  reqtiiring  leaming-by-doing.  This 
also  implies  that  there  be  a  reasonably  long  time  fiame  and  steadiness  of  ptirpose  in  which 
learning  by  doing  can  be  accomplished.  In  the  U.S.  corporate  culture,  the  communication 
requirement  seems  to  be  best  achieved  in  the  environment  of  small  capital  venture 
organizations  in  which  bureaucratic  rigidities  and  chasms  between  management  and  hand- 
on  workeis  have  not  had  a  chance  to  develop.  The  cultural  environment  of  vertically 
integrated  groups  within  Japanese  corporate  culture,  and  perhaps  the  absence  of  an 
historical  imperative  toward  Taylor's  "sdentific  management"  seems  to  be  more  condudve 
to  advanced  material  processing  development 

Nascent  and  infant  technologies  are  properly  seen  as  being  nudeated  or  germinated  by 
discovery  or  invention.  Increasingly,  with  extensive  government  support  of  sdence,  we  find 
the  number  of  discoveries  growing  at  an  exponential  rate  independent  of  any  consdous  aim 
at  innovation.  Nonetheless,  many  potential  opportunities  for  nascent  technological 
innovation  are  created.  We  conjecture  that  these  discoveries  lie  fallow  until  there  is  a 
perception  or  recognition  of  their  being  needed  for  the  improvement  or  development  of  a 
technological  system.  Silicon  nitride  was  first  patented  in  1895.  It  was  first  proposed  as  a 
refractory  bond  in  1905.  It  was  not  until  the  1950’s  that  the  first  tentative  commerdal 
innovation  occurred.  In  contrast,  the  discovery  of  oxide  high  T^  superconductors  in  1987  was 
immediately  perceived  as  being  a  source  of  potentially  critical  components  for  systems  seen 
as  cultural  imperatives. 

SUMMARY 

A  key  conjecture  necessary  to  undentand  the  rate  of  innovation  of  advanced  materials 
technology  is  that  these  materials  are  valued  as  they  are  incorporated  in  more  valuable 
devices  and  systems.  Advanced  materials  innovations  depend  on  the  nature  and  extent  of 
innovations  required  for  modifying  these  devices  and  systems.  The  rate  of  innovation 
depends  on  tlM  availability  of  inventions  and  discoveries,  the  effective  use  of  feedback  loops 
between  systems  users  and  designers,  product  users  and  designers,  component  users  and 
designers  and  materials  users  and  designers.  In  order  for  rates  of  process  innovation  to  be 
high,  the  transfer  of  tadt  knowledge  by  effective  personal  interactions  in  these  feedback 
loops  is  essential 

The  key  elements  seem  to  be  (1)  the  number  of  irventions  and  discoveries  available  for 
exploitation,  (2)  the  degree  of  change  required  in  components,  devices,  products  and 
sysunns  to  take  advantage  of  a  nascent  advanced  material  technology,  (3)  the  effectiveness 
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of  the  feedback  loops  and  information  exchange  between  user  technology,  design 
technology  and  manufacturing  technology  and  (4)  the  effective  transfer  of  tacit 
technological  knowledge  between  design  engineers  and  production  workers  in  the  required 
process  of  learning  by  doing. 
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A  COMPARISON  OF  JAPANESE  AND  U.S.*  HIGH-TECHNOLOGY  TRANSFER 
PRACTICES 


Robert  S.  Cutler 


Introduction 

Much  has  been  written  about  recent  Japanese  commercial  success  and  its  economic  impact 
in  international  markets.  A  number  of  reasons  are  offered  in  explanation.  One  frequently 
cited  is  the  Japanese  ability  to  assimilate  and  apply  new  technologies  derived  from  basic 
research  done  in  the  United  States.  Another  reason  is  the  policy  of  Japanese  companies  to 
develop  and  produce  quality  products  based  on  new  technology. 

In  this  paper,  I  present  some  empirical  results  and  observations  which  describe  the 
principal  ways  in  which  a  sample  of  industrial  researchers  in  Japan  and  in  the  U.S.  utilize 
certain  new  technologies  resulting  from  university  research.  The  findings  are  from  a  survey 
conducted  in  Japan  and  the  U.S.  between  October  1986  and  December  1987, 

I  conclude  that  personal  communications  and  technical  collaboration  are  the  key  factors 
in  the  rapid  diffusion  of  research  results  in  both  countries,  and  that  in  Japan,  government 
agencies  and  professional  societies  take  a  much  more  active  role  in  organizing  and  energizing 
the  civilian  technology  transfer  process  than  do  counterpart  organizations  in  the  United  States. 

The  Technology  Transfer  SurvQr 

The  investigation  involved  a  comparative  study  of  Japanese  and  U.S.  high-technology 
transfer  practices,  particularly  regarding  the  utilization  of  university  research  in  three  fields; 
robotics,  biotechnology,  and  ceramic  materials. 

The  focus  was  on  three  fundamental  engineering  fields  where  Japanese  and  U.S.  firms 
appear  to  be  comparable  in  terms  of  technological  capability.  I  bad  read  in  the  press  [1]  that 
former  attitudes  about  technology  transfer  were  beginning  to  shift  and,  in  some  new  fields,  the 
Japanese  were  beginning  to  innovate,  rather  than  import  patented  technology,  and  to  export 
and  license  their  latest  technology  to  international  markets. 

During  the  early  part  of  my  nine-month  stay  in  Japan,  I  recognized  the  fact  of  the 
so-called  "Japanese  miracle,"  the  rapid  economic  development  over  the  past  two  decades 
based  on  technology.  I  then  set  out  to  investigate  and  compare  the  ways  in  which  new 
technologies  are  acquired  and  commercialized  in  Japan,  and  hopefully  to  learn  how  it  is  done 
so  well  and  so  fast. 

Technology  transfer  involves  many  functional  as  well  as  cultural  factors.  When 
interpreting  the  differences  observed  between  Japanese  and  American  technology  practices, 
I  believe  it  important  to  view  the  Japanese — ^their  institutions  and  their  behaviors — from  a 
cultural  perspective. 

Simply  stated,  the  Japanese  have  a  different  language,  a  different  thought  process,  and 
different  social  and  business  process  than  Americans.  To  attempt  to  observe  technology 
separately  from  its  environment  is  to  lose  sight  of  this  larger  picture.  I  was  soon  to  discover 
that  there  are  strong  cultural  elements  in  the  ways  the  Japanese  acquire,  evaluate,  and  transfer 
new  technology,  1  elaborate  on  those  elements  later. 


•Reprinted  from  IEEE  Trans.  Eng’g.  Management,  26,  17-24,  1989. 
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Scope  of  Survey 

My  research  in  Japan  primarily  involved  a  survey  of  Japanese  university  and  industrial 
researchers  who  are  worldng  in  three  high-technology  fields.  Fifty-five  interviews  were 
conducted  at  twelve  universities,  nine  companies,  and  at  six  government  R&D  organizations. 
The  parallel  survey  in  the  U.S.  included  51  researchers  at  eleven  universities,  eight  companies, 
and  three  government  organizations.  In  total,  106  researchers  were  polled  in  the  two  surveys 
(Fig.  1). 

The  questions  focused  on  the  professional  behavior  of  the  researcher  himself,  rather  than 
on  the  research  per  se.  The  objective  was  to  identify  the  principal  transfer  mechanisms  used 
by  the  particular  researcher  in  Japan  or  the  U.S.  and  his  professional  colleagues  at  universities 
and  other  R&D  organizations. 

In  addition,  information  was  sought  about  career  objectives  and  hiring  practices,  awareness 
of  significant  research  advances,  and  attitudes  toward  collaborative  arrangements  with  foreign 
counterparts. 

Approach 

First,  let  me  offer  the  succinct  definition  of  "technology  transfer"  which  Jacques  Bagur  of 
Gulf  South  Research  Institute  presented  on  Jime  21,  1987  to  members  of  the  Federal 
Laboratory  Consortium:  'Technology  transfer  is  the  process  by  which  knowledge  concerning 
the  making  or  doing  of  useful  things  contained  within  one  organized  setting  is  brought  into 
use  within  another  organization  context." 

The  concept  of  technology  transfer  which  I  use  in  this  study  consists  of  several  functional 
mechanisms  which  are  classified  into  three  domains: 

•  Publications — journals,  technical  reports,  trade  press; 

•  Patents — invention  disclosures,  patents,  and  licenses;  and 

•  People  links — meetings,  collaborations,  joint  projects. 

These  domains  are  operationally  defined  by  the  principal  mechanisms  used  for 
communicating,  facilitating,  or  otherwise  moving  the  results  of  university  research  into 
industrial  application  (Fig.  2).  The  approach  supports  the  multiple  factor  philosophy,  wherein 
technology  transfer  is  seen  as  a  process  involving  many  functional  and  environmental  factors 
working  in  concert. 

An  Appropriate  Research  Model 

As  a  researcher  myself,  I  was  compelled  to  devise  an  appropriate  model  and  to  collect 
relevant  information  and  data.  From  the  kinds  of  program  evaluation  studies  we  do  at  the 
National  Science  Foundation  (NSF),  I  have  learned  that  a  proper  evaluation  design  involves 
a  simple  model  which  describes  the  principal  factors  and  the  relationship  of  the  data  to  the 
results.  My  reasoning  for  choosing  the  three  domains  of  the  model  are  as  follows. 

1)  When  one  attempts  to  compare  research  aaivities,  although  there  is  some  professional 
controversy  as  to  what  is  significant,  it  is  generally  accepted  among  science  policy  researchers 
that  the  publication  of  journal  articles  and  citations  to  those  articles  in  other  publications  are 
reasonable  measures  of  scientific  advancement  and  research  productivity. 

2)  Patent  counts  are  now  becoming  useful  to  econometricians  who  study  the  process  of 
technological  innovation.  The  use  of  such  numbers  is  less  exact  than  citations  to  the 
literature,  nonetheless  some  carefully  selected  patent  statistics  reflecting  large  quantities  can 
be  a  useful  indicator.  There  is  also  new  interest  in  university  patents  because  such  patents 
can  attract  industrial  support  [2]. 

3)  The  third  domain  of  the  model  is  what  I  call  "people  links."  From  talking  with  several 
policy  analysts  before  going  to  Japan,  and  from  my  experience  as  an  R&D  engineer  in 
industry  and  a  research  administrator  at  NSF,  I  have  learned  that  technology  transfer  also 
occurs  in  activities  such  as  professional  societies,  workshop  seminars  and  employee  mobility. 
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Japan 

Jniversities: 

No." 

(1)  Hokkaido  University 

(1)  Kyoto  University 

(2)  Nagoya  Technology  Inst. 

(1)  Nagoya  University 

(1)  Osaka  University 

(2)  Saitama  University 

(1)  Sophia  University 

(2)  Tokyo  Inst,  of  Technology 

(3)  Tohoku  University 
(3)  Tsukuba  University 
(3)  University  of  Tokyo 
(li  Maseda  University 
21 

ndustrial  Laboratories: 

(3)  Hitachi  Central  R&D  Laboratory 
(3)  Hitachi  Production  Automation 
(5)  IBM  Tokyo  Resoarch  Laboratory 

(1)  Kyocera  Corporation,  Inc 

(3)  IVCtsubishi  Metal  Corporation 

(2)  NEC  Central  Research  Labs 
(2)  Nippon  Steel  Company 

(4)  Nissan  Motors  Co.,  Ltd. 

(1)  Smith  Klein  Beckman  Japan,  Ltd. 

W 

rovemment  R&D  Organizations: 

(4)  Mechanical  Engineering 
Laboratory  (MEL) 

(2)  Electrotechnic^  Laboratory  (EFL) 
(1)  Institute  for  Agricultural 

Research  (NIAR) 

(1)  Mimstry  of  International 

Trade  and  Industry  (MITI) 

(1)  Ministry  of  Education  and 
Culture  (Monbusho) 

(1)  Japan  Research  Development 
Corporation  (JRDC) 

TT 


Ush 

(4)  Carnegie  Mellon  University 

(3)  Mass  Inst,  of  Technology 

(3)  Penn  State  University 

(3)  Stanford  University 

(2)  Rutgers  University 

(2)  Univ.  of  Arizona 

(2)  Univ.  of  CA/Santa  Barbara 

(2)  Univ.  of  Delaware 

(3)  Univ.  of  Massachusetts 
(3)  Univ.  of  Nebraska 

(3)  Univ.  of  Utah 

2r 


(2)  Ceramatec  Inc. 

(3)  Eaton  Corporation 
(3)  IBM  Corporation 

(1)  ICR  Associates,  Inc. 

(2)  Monsanto  Company 
(1)  JJD.  Searle,  Inc 

(1)  Repligen,  Inc 

(1)  United  Technologies  Corp. 


14 


(4)  National  Bureau  of  Standards 
(2)  National  Institutes  of  Health 
(2)  National  Science  Foundation 

T” 


Japan 

LLS. 

Univ. 

21 

29 

Ind. 

24 

14 

Govl 

ISt 

J 

55 

51 

"(n)  -  number  of  .Jterviews 


Fig.  1.  Survey  sample 
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1.  Meetings,  Seminars,  Intensive  Conferences 

2.  Professional  Society  Meetings 

3.  Journal  Publications,  Newsletters 

4.  International  Conferences 

5.  Advisory  Boards,  Coimdls,  Committees 

6.  Study  Missions,  Site  Visits,  Trade  Shows 

7.  Patent  and  Licensing  Agreements 

8.  Consulting  Arrangements 

9.  Joint  University/Industry  Research  Projects 

10.  Visiting  Scientists  and  Resident  Researchers 


Fig.  2.  Principal  technology  transfer  mechanisms. 


Japan 


U.S. 


Robotics:  •  Journal  of  the  Robotics 

Society  of  Japan 

•  International  Journal  of 

Robotics  Research 

•  IEEE  Journal  of  Robotics 

and  Automation 


•  IEEE  Journal  of  Robotics 

and  Automation 

•  ASME  Journal  of  Dynamic  Systems 

Measures  and  Control 

•  International  Journal  of 

Robotics  Research 


gifilfifi 


Ceramic 

Maifiziais: 


•  Journal  of  Biotechnology 

•  Science 

•  Journal  of  the  American 

Chemical  Society 

•  Journal  of  the  Ceramics 

Society  of  Japan 

•  Journal  of  the  Pfa^cal 

Society  of  Japan 

•  Journal  of  the  American 

Ceramics  Society 


•  Journal  of  Biological  Chemistry 

•  Biochemistry 

•  Journal  of  Plant  Physiology 


•  Journal  of  the  American 

Ceramics  Society 

•  Journal  of  Materials 

Science 

•  Journal  of  Applied 

Physics 


Fig,  3.  Principal  journals  mentioned  in  survey. 
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The  three-domain  model  expresses  the  notion  that  technology  transfer  is  more  than  simply 
e  exchange  of  technical  publications,  or  the  licensing  of  patents.  Rather,  the  model  of  the 
msfer  process  includes  various  contact  mechanisms  and  communications  activities  which 
sentially  are  person-to-person  linkages.  Such  mechanisms  actually  serve  to  bring  the  desired 
chnology  know-how  into  actual  use. 

An  interview  questionnaire  was  designed  to  obtain  information  from  each  researcher  on 
e  following  subjects. 

a)  Publication  activities— which  journals  are  most  frequently  read  and  where  authored 
artides  were  most  recently  published. 

b)  Patent  activity— whether  lismd  as  an  inventory  on  patents  issued  within  the  last  five 
years,  and  whether  the  patents  are  licensed  or  used. 

c)  People  links— whether  active  in  professional  sodety  activities,  consulting, 
collaborative  work,  conferences,  and  career  mobility. 

ndings 

Based  on  an  analysis  of  the  surveys^  conducted  in  Japan  and  in  the  United  States,  the 
llowing  comparative  results  were  reported. 

iblicanons 

•  In  Japan  nearly  all  (94  percent)  of  the  researchers  surveyed  were  able  to  read  and 
write  in  Fnglish,  while  in  the  U.S.  very  few  (4  percent)  of  the  Americans 
interviewed  admitted  any  technical  competence  in  the  Japanese  language. 

•  In  Japan  a  majority  of  those  researchers  surveyed  (85  percent)  published  and  read 
Fngiish  language  journals  artides  as  well  as  ^ose  in  Japanese,  while  in  the  U.S. 
few  (9  percent)  said  they  read  any  translated  Japanese  journal  articles  in  their  field 
(Fig.  3). 

•  In  Japan  journal  publications  do  not  necessarily  contain  new  work,  while  most  U.S. 
journal  editorial  polides  insist  upon  new  and  original  work  only. 

aents 

•  In  Japan  few  university  professors  (14  percent)  hold  patents,  while  in  the  U.S. 
nearly  46  percent  of  the  univeTsity  researchers  surveyed  do. 

•  In  Japan,  between  1981  and  1985,  the  ntimber  of  university  patents  reported  to  the 
Japanese  Sodety  for  the  Promotion  of  Sdence  (JSPS)  by  the  top  five  universities 
increased  from  24  to  32  patents  (66  percent),  while  licensing  agreements  increased 
from  2  to  6  (Fig.  4). 

•  In  the  U.Sm  between  1981  and  1985,  the  number  of  patents  reported  by  the  top  five 
research  univeTsities  increased  from  122  to  177  (45  percent).  Licensing  for  the 
same  five  years  increased  from  53  to  96  (81  percent)  (Fig.  5). 

ople  Links 

•  In  Japan  93  percent  of  the  university  researchers  and  80  percent  of  the  industrial 
researchers  surveyed  said  they  attend  technical  meetings  outside  their  work  location 
at  least  twice  per  month,  while  in  the  U.S.  43  percent  of  the  university  researchers 


'Survey  sample  (n  *  106)  consists  of  55  Japanese  and  51  U.S.  researchers.  The 
pulation  it  represents  would  be  hard  to  describe  fully,  but  I  hope  is  an  Lmponant  part  of 
\  university,  industry,  and  government  R&D  organizations  performing  advanced  research 
the  fields  of  robotics,  biotechnology,  or  ceramic  materials,  between  Oaober  1986  and 
cember  1987  (sec  Fig.  1). 
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and  17  percent  in  industry  said  they  did  so. 

In  Japan  the  average  proportion  of  the  Ph.D.’s  reported  in  the  work  unit  (Ph.D. 
ratio)  was  18  percent  for  the  universities,  17  percent  for  industry,  and  33  percent 
for  government  labs.  In  the  U.S.  the  ratios  were  38  percent  for  universities, 
57  percent  for  industry,  and  61  percent  for  government  labs  (Fig.  6). 

In  Japan  62  percent  of  the  high-technology  university  researchers  surveyed  and 
46  percent  of  those  in  industry  said  they  were  involved  in  at  least  one  joint 
university/industiy  project  In  the  U.S.  the  level  was  84  percent  for  universities  and 
93  percent  for  those  surveyed  in  industry. 

In  Japan  78  percent  said  they  have  worked  for  their  current  employer  since 
graduating  from  college,  while  23  percent  of  those  surveyed  in  the  U.S.  said  they 
did. 

In  Japan  59  percent  reported  having  attended  at  least  one  international  meeting 
during  the  past  two  years.  In  the  U.S.  the  proportion  was  28  percent. 

In  Japan  65  percent  of  those  surveyed  said  they  spent  a  year  or  more  in  the  United 
States  or  in  Europe.  In  the  U.S.  34  percent  said  ^at  they  had  spent  more  than  one 
year  abroad;  4  percent  had  worked  in  Japan;  and  17  percent  had  visited  Japan  for 
brief  periods  ranging  from  one  to  three  weeks. 


Japan 

U.S. 

(n»27) 

(n=22) 

Universities: 

18% 

38% 

Industry; 

17% 

57% 

Gov't  Labs: 

33% 

61% 

Fig.  6.  Ph.D.  ratio  in  laboratories  surveyed. 


ddihonal  Observations 

•  In  Japan  83  percent  of  the  researchers  surveyed  said  they  were  aware  of  current 
research  advances  made  by  foreigners  in  their  field.  In  the  U.S.  only  30  percent 
said  they  knew  of  any. 

•  In  the  U.S.  the  following  attitudes  and  interests  were  expressed  by  researchers 
interviewed  regarding  the  work  of  Japanese  colleagues: 

—  68  percent  of  the  university  researchers,  35  percent  of  the  industrial 
researchers,  and  60  percent  of  the  government  researchers  acknowledged 
having  had  at  least  one  Japanese  research  colleague  or  visiting  researcher  in 
his  laboratory. 

—  78  percent  said  that  they  would  welcome  some  type  of  research  collaboration 
with  an  appropriate  counterpart  in  Japan. 

■ —  63  percent  said  they  would  be  willing  to  work  in  a  laboratory  in  Japan  for  an 

extended  period  of  time.  (Most  favored  four  to  six  months.) 

•  Among  those  surveyed  in  both  countries,  the  mechanisms  preferred  most  for 
affecting  high-technology  transfer  are: 


In  Japan 

In  the  U.S. 

Meetings,  seminars  (90  percent) 

Meetings,  talks  (84  percent) 

Professional  conferences 

Gordon-type  conferences 

(75  percent) 

(62  percent) 

Study  missions,  site  visits 

Publications 

(58  percent) 

(55  percent) 

In  addition,  some  two-thirds  of  the  robotics  researchers  surveyed  in  Japan  said  they 
currently  exchange  VCR  video  tape  recordings  with  colleagues  in  their  own  country. 
However,  it  is  not  clear  how  widespread  the  use  of  video  tape  recordings  is  among  U.S. 
researchers. 

Caveat  on  the  Analysis 

Due  to  limitations  in  the  data  and  the  sampling  method  used,  one  should  not  draw 
definitive  conclusions  from  this  smdy.  However,  there  are  some  interesting  findings  which  are 
more  suggestive  than  indicative.  Moreover,  the  concept  of  technology  transfer  itself  is 
complex  and  difficult  to  define  precisely.  This  is  an  emerging  area  requiring  more  study  and 
analysis. 

Discussion 

From  the  findings  outlined  above,  it  is  clear  there  are  similarities  as  well  as  some 
important  differences  in  the  way  technology  is  transferred  between  university  and  industrial 
researchers  in  Japan  and  in  the  U.S. 

In  contrast  to  the  kinds  of  scientific  research  performed  in  the  U.S^  most  of  the  research 
I  observed  in  Japanese  universities  can  be  described  more  accurately  as  "fundamental 
engineering  sdence,"  rather  than  basic  scientific  research.  It  usually  is  done  in  groups  rather 
than  by  individual  investigators,  and  it  consists  largely  of  experimental  verification  work. 
However,there  are  a  few  senior  professors  doing  some  theoretical  work  at  the  more  basic  end 
of  the  research  process. 

Publications 

To  describe  what  the  Japanese  do  differently,  first  I  will  discuss  journal  publications. 

The  principal  sources  of  basic  research  information  for  the  Japanese  researchers  I 
interviewed  are  the  journal  articles  published  by  leading  university  researchers  in  the  U.S.  and 
in  Europe,  rather  than  by  other  Japanese  researchers. 

Journal  editors  in  Japan  apparently  do  not  insist  on  publishing  only  original  work.  Tneir 
journals  often  consist  of  progress  reports  as  well  as  reports  on  setting  up  and  testing  methods 
of  experimentation  which  may  have  been  published  elsewhere.  1  am  told,  however,  that 
academic  societies  in  Japan  also  publish  some  paper  journals  (called  "Ronbtm-shi")  which  are 
used  to  report  original  research.  This  practice  is  related  partly  to  Japanese  feelings  about 
originality,^  which  are  quite  different  from  those  in  the  West,  and  in  part,  to  Japanese 
research  funding  practices,  particulariy  in  universities  which  require  progress  reports  to  be 
published. 

Japanese  engineering  researchers  work  in  teams  to  carry  through  a  particular  project,  from 
the  initial  research  stage,  through  development,  to  prototyping,  and  even  on  to  production  and 


^e  traditional  Japanese  attitude  about  originaiity  is  one  which  prefers  to  follow  a 
pattern  rather  than  to  break  new  ground.  In  Japanese,  the  term  "learn"  (manabu)  is 
derived  from  "imitate"  (maneru)  [5]. 
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marketing.  It  is  difficult  to  track  research  advancement  via  publications,  in  Japan,  because 
there  are  no  intermediate  publication  points. 

In  the  U.S.,  by  contrast,  a  university  researcher  typically  does  the  fundamental  work  and 
then  publishes  his  or  her  findings  in  the  journal  literature.  From  those  publications  in  the 
open  literature,  another  researcher  picks  up  the  new  knowledge  and  basic  ideas  which  he/she 
considers  to  be  feasible,  carries  it  through  the  applied  research  phase,  and  again  publishes  ihe 
results  either  in  the  journal  literature,  as  a  company  report,  or  as  a  patent  disclosure.  The 
industrial  R&D  community  picks  promising  projects  out  of  this  pool  of  new  technology.  In 
this  process,  however,  users’  requirements  are  rarely  cited  or  integrated  into  the  research 
design,  as  often  is  the  case  in  Japan. 

Patents 

Although  the  proportion  of  surveyed  Japanese  professors  holding  patents  is  smaller 
(14  percent)  than  that  of  the  Americans  (46  percent),  the  top  five  universities  in  Japan 
reported  an  increase  of  66  percent  between  1981  and  1985,  and  the  American  top  five 
universities  reported  a  45  percent  increase. 

The  difference  between  the  two  groups  in  the  number  of  patents  acquired  stems  largely 
from  the  traditional  belief  in  Japan  that  universities  are  primarily  for  the  teaching  of  smdents, 
rather  than  for  commercializing  research  results  which  is  the  domain  of  industry.  However, 
this  picture  is  now  changing. 

Although  the  number  of  Japanese  university  inventions  since  1981  is  smaller  than  that  for 
U.S.  universities,  the  JSPS  data  show  a  remarkable  increase  in  the  licensing  of  those  patents 
during  the  past  five  years. 

This  increase  appears  to  reflert  the  recent  shift  in  the  patent  policy  of  both  countries 
(since  1978  and  1980)  which  authorized  universities  and  research  laboratories  to  promote 
inventions  resulting  from  government  funded  projects.  Both  in  Japan  and  the  U.S.  there  are 
programs  now  in  place  to  assist  university  professors  to  transfer  their  inventions  to  commercial 
use.  The  Japan  Research  Development  Corporation  (JRDC)  is  the  agency  responsible  for 
promoting  the  transfer  of  university  patents  to  industry.  In  the  U.S.  there  is  no  central 
government  responsibility  for  this  activity,  rather  each  research  university  has  its  own  patent 
licensing  office. 

People  Links 

I  observed  throughout  this  study  that  the  most  preferred  and  also  the  most  effective 
technology  transfer  mechanisms  are  "people  intensive,"  rather  than  "paper  intensive." 

This  conclusion  became  clear  to  me  from  the  amount  of  time  (two-thirds)  the  researchers 
said  they  devote  to  exchanging  new  ideas  by  participating  in  talks,  meetings,  and  working  with 
leading  colleagues,  as  compared  to  the  remaining  one-third  of  their  time  spent  reading, 
extracting  or  preparing  new  information  for  publication  or  for  patents.  This  allocation  of  time 
appears  to  be  as  true  in  the  United  States  as  it  is  in  Japan,  at  least  for  the  three  high- 
technology  fields  surveyed. 

Apparently  there  are  strong  personal  needs  for  face-to-face  discussions  leading  to  bench- 
to-bench  collaboration  in  order  to  better  communicate  new  complex  ideas  from  one  person 
to  another,  and  then  to  utilize  them  elsewhere  in  the  research  lab  or  in  another  organization 
or  institutional  setting.  I  conclude  that  high-technology  transfer  is  largely  a  "contact  sport": 
meeting  with  people,  carrying  new  ideas  forward,  and  joining  individual  efforts  toward  a 
common  goal. 

The  rapid  transfer  of  university  research  to  industrial  technology  also  requires  the 
necessary  know-how  which  is  a  skill  attribute  of  a  researcher  [3].  In  tracing  the  transfer  paths 
within  the  fields  of  robotics,  biotechnology,  and  ceramic  materials,  in  both  countries,  I  find 
a  similarity  in  the  preferential  use  of  person-to-person  contacts  for  obtaining  substantive 
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isfonoation.  Many  of  these  links  involve  long-term  collaborative  work  between  university  and 
industrial  researchers.  Examples  of  successful  transfers  of  university  research  to  industrial 
applications  can  be  found  in  computer-vision  robotics,  genetic  engineering,  and  functional 
ceramics. 

If  one  is  attempting  to  compare  the  principal  technology  transfer  practices  observed  in  the 
two  countries,  three  significant  factors  which  underlie  the  Japanese  R&D  system  are  worth 
mentioning.  They  are  attimdes  about  cooperative  research,  the  "old-boy"  network,  and  R&D 
management  styles. 

Japanese  Technology  Transfer  and  Cooperative  Research 

Japanese  companies  achieve  effective  utilization  of  high-technology  research  and  its 
transfer  between  laboratory  and  production  by  holding  many  more  technical  meetings  on  an 
industry-wide  basis  than  American  companies  do.  Professor  Thomas  Eagar  of  M.I.T.  observed 
that  "there  is  not  just  technology  transfer  within  a  company  in  Japan,  but  also  between 
companies,  and  companies  and  universities,  through  the  many  meetings  of  the  various 
professional  societies"  [4]. 

I  do  not  believe  there  is  such  a  system  in  the  U.S.  which  pools,  analyzes,  and  disseminates 
current  information  on  international  research  activities  as  effectively  as  the  Japanese  system 
does. 

The  topics  discussed  at  many  of  these  meetings  include  more  technical  content  and  detail 
than  is  common  in  the  U.S.  In  addition,  major  research  laboratories  become  familiar  with  the 
work  at  other  labs,  resulting  in  rapid  dissemination  of  new  results  and  less  duplication  of 
effort.  The  meetings  also  permit  researchers  to  communicate  very  effectively  their  knowledge 
of  work  outside  of  Japan. 

There  are  a  number  of  reasons  why  the  Japanese  system  works.  One  is  the  strong 
leadership  of  the  university  professors  who  serve  as  committee  chairmen.  There  are  strong 
ties  between  these  professors  and  their  former  smdents  that  do  not  seem  to  exist  in  the 
United  States. 

Several  of  the  robotics  engineers  interviewed  in  Japan  showed  me  video  tapes 
documenting  their  current  experiments  and  the  work  of  their  colleagues  abroad.  This  low-cost 
highly  effective  audiovisual  reporting  mechanisms  is  yet  another  example  of  the  way  Japanese 
researchers  rapidly  exchange  current  research  results. 

The  Japanese  Old-Boy  Network 

The  process  was  described  by  several  speakers  at  a  seminar  on  high-technology 
competitiveness  held  by  the  Japan  Technology  Transfer  Association  in  Tokyo  on  March  13, 
1987.  That  discussion  helped  to  crystallize  what  I  discovered  during  my  four  dozen  interviews 
in  Japan. 

Japanese  industry  has  two  powerful  assets:  a  cohesive  national  policy  on  technology 
development  and  a  scientific  "old-boy"  network,  with  links  to  practically  every  board  room  and 
laboratory  in  the  cotmtry.  The  government  spends  nearly  one-third  of  its  R&D  budget 
(20  percent  of  total  R<S:D  spending)  at  universities  and  at  government  research  institutes,  and 
nearly  all  of  this  activity  is  centrally  coordinated  through  government  committees  and  the 
scientific  "old-boy"  network. 

Here  is  how  the  two  drcles  of  power  work.  Perhaps  you  have  noticed  that  Japanese 
companies  seem  to  sell  similar  products,  so  much  so  that  it  looks  like  they  must  be 
coU^orating  on  the  designs  and  specs.  That  is  because  high-tech  Japan  is  a  small  country  and 
the  top  engineers  in  the  companies  know  each  other.  For  that  maner,  so  do  the  company 
presidents,  who  most  likely  went  to  the  same  university  at  the  same  time.  When  one  company 
starts  something  new,  the  president  calls  his  Mends  to  discuss  it 

Japanese  companies  do  not  suffer  from  the  not-intended-here  syndrome,  that  attimde 
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which  stifles  ideas  from  external  sources.  Instead,  they  are  eager  to  please  their  customers 
and  would  rather  have  their  people  involved  in  making  something  better  for  the  marketplace, 
than  in  trying  to  capture  all  of  the  profits  from  a  new  technology  product.  In  fact,  the 
licensing  of  patents  from  other  companies  and  from  foreign  sources,  including  many  u.S. 
universities,  is  widely  prarticed. 

Many  foreigners  imagine  that  government  officials  at  the  Ministry  of  International  Trade 
and  Industry  (MITI)  stand  over  the  R&D  stage  like  grand  puppeteers,  manipulating  private 
industry  at  will.  This  is  not  the  case,  particularly  because  the  average  MITT  officer  changes 
jobs  every  two  years. 

Mm’s  method  of  influence  is  through  its  committees.  A  mixture  of  industry  leaders, 
academics,  and  consumers  (users)  are  selected  for  dozens  of  committees  on  new  technology 
and  industry  matters,  ranging  from  restructuring  a  weak  industrial  sector  to  organising  a 
national  program  for  advanced  robotics  or  for  manned  spaceflight 

Through  committee  debate,  MITI  helps  industry  form  a  consensus  on  which  areas  of  new 
technology  it  should  concentrate  on.  By  this  committee  method,  policy  is  actually  negotiated 
by  industry  leaders,  so  it  is  accepted  naturally  by  all  the  companies.  That  is  what  I  found  to 
be  the  secret  of  Japan’s  cohesive  industrial  policy:  the  government  acts  as  the  organizer  and 
coordinator  of  private  industry  action.  Eighty  percent  of  the  R&D  funding  in  Japan  comes 
from  private  industry,  rather  than  from  the  government 

R&D  Management 

A  final  remark  about  Japanese  methods  for  running  research  organizations  and  their 
methods  for  decision  making. 

What  I  observed  closely  resembles  what  Ouchi  of  UCLA  calls  "theory  Z"  [5].  One  main 
feature  of  Japanese  society  which  Ouchi  describes  as  being  essential  for  the  success  of  each 
work  unit  is  the  great  trust  that  exists  between  superiors  and  those  who  work  for  them. 

One  of  the  best  technology  transfer  practices  of  Japanese  industry  is  the  quality  circle, 
where  five  to  ten  workers  meet  almost  daily  to  discuss  possible  improvements  in  their  work. 
This  method  works  in  Japan  where  it  serves  to  give  group  sanction  to  innovative  departures 
from  the  old  ways  of  doing  things. 

There  is  a  general  sense  of  family  solidarity  which  seems  to  characterize  Japanese 
endeavor,  whether  at  home,  at  work,  or  in  professional  pursuits.  The  personal  commitment, 
trust,  and  desire  for  cooperation  among  researchers  serves  as  a  glue  which  keeps  the  Japanese 
R&D  organization  together.  "In  Japan  it  is  difficult  to  move  people,  but  it’s  easy  to  move 
ideas,"  one  Hitachi  laboratory  director  told  me. 

From  an  organizational  viewpoint,  Dimancescu,  of  the  Technology  &  Strategy  Group, 
observed  that  "U.S.  companies  still  live  in  the  world  of  highly  compartmentalized  functions 
and  responsibilities.  Many  of  these  are  staffed  by  people  whose  labors  are  rewarded  for 
maintaining  a  very  narrow  definition  of  the  task  required  of  them.  This  behavior  generally 
goes  under  the  rubric  of  ’division  of  labor’  or  ’specialization,’  and  is  valued  as  desirable  ends. 
In  such  a  cultural  environment,  information  neither  travels  fast  nor  necessarily  to  the  right 
people  at  the  right  time.  Hence  we  find  an  inferior  process  of  tech  transfer  (in  the  U.S.) 
relative  'o  what  is  observed  in  Japan"  [6]. 

Japanese  companies  have  been  highly  effective  in  applying  new  concepts  of  project 
management  which  look  nothing  like  what  is  practiced  in  the  U.S.  The  Japanese  concept  of 
project  management  starts  with  the  fundamental  belief  in  the  coequal  importance  of  all 
players  needed  to  fulfill  a  task  and  continues  on  with  the  constant  and  continuous  process  of 
linking  these  players  together  horizontally.  This  procedure  goes  a  long  way  toward  explaining 
how  the  Japanese  have  advanced  so  rapidly  in  high-tech  fields  during  the  last  three  decades. 

In  the  U.S.  the  antitrust  laws  have  required  each  competing  firm  to  carry  on  its  own 
industrial  research.  Technical  cooperation  not  only  is  limited  but  is  often  perceived  as 
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unlawful  by  corporate  management  Recently,  however,  the  law  has  been  liberalized  to  allow 
certain  consortia  like  MCC,  SEMATECH,  and  the  Semiconductor  Research  Corporation 
(SRC)  to  be  organized. 

Things  are  different  for  industrial  research  in  Japan.  The  government  there  actively 
promotes  the  formation  of  research  associations  among  leading  companies  in  panicular  fields 
for  the  purposes  of  developing  and  transferring  new  technologies.  Patents  resulting  from  these 
arrangements  are  pooled  for  participating  companies  to  use.  And  there  is  a  remarkably  high 
degree  of  communication  and  collaboration  between  professors  at  leading  Japanese 
universities  and  their  colleagues  who  work  in  competitive  companies  [7]. 

How  Tecimoiogy  Policies  Differ 

One  way  to  classify  technology  policies  is  by  whether  they  are  diffusion  (technology-push) 
or  mission  oriented  (user-pull).  For  example,  technology  policy  in  Germany  and  Sweden  is 
diffusion  oriented,  whereas  the  technology  policy  in  France,  En^and,  and  the  U.S.  is  mission 
oriented. 

Japanese  technology  policy,  on  the  other  hand,  is  both  mission  oriented  and  diffusion 
oriented.  Like  countries  in  the  first  group,  Japan  emphasizes  a  broadly  based  capacity  for 
diffusing  innovation-related  public  goods.  Like  countries  in  the  second  group,  it  also  employs 
coordinated  efforts  to  advance  national  technological  goals.  However,  Japanese  policy  differs 
from  the  policies  of  the  other  nations  in  two  respects.  First,  in  the  recent  past,  Japan  was  at 
a  far  lower  level  of  development  than  other  industrialized  nations.  Second,  the  consensus- 
based  government-industry  relationship  in  Japan  involves  centralized  decision  making  and 
decentralized  implementation.  These  two  Victors  have  led  to  technology  policies  that 
emphasize  rapid  upgrading  of  the  nation’s  technologicai  skills,  but  in  a  more  decentralized  and 
broadly  based  manner  than  in  the  mission  oriented  coimtries  [8]. 

There  are  three  basic  elements  to  Japanese  technology  policy:  1)  promoting  leading  edge 
industries  through  tax  policy  more  than  direct  financial  assistance;  2)  facilitating  technology 
transfer,  and  3)  upgrading  of  the  human  capital  base  on  a  more  general,  less  industry-specific 
basis. 

Conclusion 

This  study  attempts  to  plow  new  ground  in  an  uncharted  and  complex  area:  the  cross- 
cultural  comparison  of  technology  transfer  mechanisms  used  in  Japan  and  in  the  U.S.  The 
findings  are  derived  from  information  obtained  during  an  exploratory  survey  of  active 
researchers  in  both  countries,  who  were  not  randomly  seleaed.  However,  care  was  taken  to 
avoid  undue  geographic  concentration  and  instimtional  bias.  The  results  presented  are  more 
indicative  than  definitive.  Nonetheless,  I  believe  they  represent  technology  transfer  in  the 
three  high-technology  fields  surveyed. 

I  conclude  that  personal  communitation  and  technical  collaboration  are  the  key  factors 
in  the  rapid  diffusion  of  high-technology  research  results  in  both  countries,  rather  than  the 
widespread  availability  of  scientific  journal  literature  and  recent  efforts  to  promote  university 
patents.  The  differences  observed  in  practice  stem  largely  from  some  of  the  cultural  and 
instimtional  factors  described. 

The  empirical  findings  confirm  the  conventional  review  that  the  flow  of  high-technology 
.  information  is  largely  from  U.S.  university  researchers  to  industrial  researchers  in  Japan, 
However,  the  data  also  show  that  some  of  the  most  advanced  ceramics  and  robotics 
technology  used  in  the  U.S.  increasingly  is  derived  from  research  initiated  in  Japan. 

Journal  publication  and  university  patenting  are  more  widely  used  in  the  U.S.,  where 
university  professon  both  teach  and  do  basic  research.  Meetings  and  intensive  conferences, 
however,  are  by  far  the  most  popular  mechanisms  used  for  technology  transfer  among  those 
U.S.  researchers  surveyed. 
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In  Japan  the  results  of  university  research  are  utilized  primarily  in  industrial  settings, 
rypically  industry  uses  outside  professional  meetings  and  close  collaboration  as  the  means  for 
ranslating  the  scienti£c  knowledge  and  new  engineering  know-how  into  commercial  lise. 

In  the  U.S.,  government  agencies  support  most  of  the  basic  and  applied  research 
lerformed  at  universities  primarily  for  public  purposes  such  as  military  defense,  public  health, 
nd  space  exploration.  By  contrast,  most  of  the  high-technology  research  in  Japan  is  funded 
md  performed  by  industrial  companies  for  commercial  purposes.  Furthermore,  Japanese 
;ovemment  agencies  and  professional  societies  take  a  more  active  role  in  organizing  and 
nergizing  the  civilian  technology  transfer  profess  than  do  the  counterpart  organizations  in  the 
J.S. 

The  present  study  confirms  an  earlier  conclusion  by  Herman  Bieber  [9]  that  "technology 
s  primarily  transferred  by  people,  not  via  organizational  charts  or  formal  reports."  This 
ibservatlon,  made  in  1969  and  primarily  related  to  the  commtmication  of  new  technical 
oformation  within  a  single  organization,  also  appears  to  be  valid  for  effecting  technology 
ransfer  between  different  institutional  and  cultural  settings,  such  as  for  high-technology 
oUaboradon  between  university  and  industrial  researchers  in  Japan  and  in  the  U.S. 

This  smdy  should  be  of  interest  to  engineering  managers  and  researchers  concerned  about 
he  nature  of  technology  transfer  and  how  it  occurs  in  Japan  and  in  the  U.S. 
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THE  JAPANESE  RESEARCH  ENVIRONEMENT  -  A  STUDENT’S  VIEW  FROM  WITHIN 


Mary  I.  Buckett,  Northwestern  University 


First  Impressions 

"It  comes  down  to  this.  Newcomers  at  welcoming  cocktail  parties  are  the  only  people 
unified  in  their  understanding  of  Japan.  After  the  first  month,  diversity  of  opinion  reigns." 

-  P.  Robert  Oallins  from  "Max  Danger, 
The  Adventures  of  an  Expat  in  Tokyo" 

Japan  -  the  land  where  the  cars  are  white,  the  roofs  are  blue,  and  the  women  wear 
black.  Almost  certainly  included  in  the  gaijin’s  (outsider’s)  first  impression  of  the  ’Land  of 
the  Rising  Sun’  is  the  aura  of  uniformity  -  cultural  as  well  as  physical  attributes.  After  that, 
it  truly  goes  ’up  for  grabs’.  One’s  impressions  become  influenced  by  one’s  experiences  and 
-  unfortunately  for  some  •  those  experiences  are  sometimes  less  than  pleasant  This  can  be 
especially  true  for  the  visiting  scientist.  Overcoming  the  cultural  barrier  of  the  homogeneous, 
inward-looking  Japanese  society  can  be  wonderfully  challenging,  occasionally  frustrating, 
sometimes  shocking  -  but  always  an  unavoidable  problem  the  foreigner  must  face. 
Although  the  language  hurdle  is  one  aspea  of  this  barrier,  there  are  other  more  subtle 
influences  which  must  be  recognized  before  a  favorable  working  relationship  can  be 
achieved.  I  am  a  graduate  stu^'  nt  in  Materials  Science  and  Engineering  at  Northwestern 
University.  During  my  graduate  studies,  Fve  .interned  at  Lawrence  Livermore  National 
Laboratory  and  now  work  pan  time  at  Argonne  National  Laboratory.  This  summer  I  had 
the  oppormnity  to  participate  in  the  Japan  Summer  Institute  Program,  offered  for  the  first 
time  through  the  National  Science  Foundation.  For  two  months,  mj-self  and  24  other 
graduate  students  in  various  scientific  disciplines  worked  at  national  laboratories  and 
government  institutes  in  Tsukuba  Science  City.  This  paper  presents  some  of  my  impressions 
of  the  Japanese  research  environment  -  gained  p^y  as  a  result  of  my  stay  there  this 
summer,  but  also  in  part  from  my  experiences  being  involved  in  an  electron  microscope 
development  project  with  a  large  Japanese  corporation,  and  from  my  experiences  of  being 
half  Japanese  (mother)  and  having  to  deal  with  family  on  both  sides  of  tl^  culmral  barrier. 

In  the  complex  interaction  between  Japan  and  the  United  States  over  the  past  35 
years,  it  is  clearly  the  Japanese  who  have  profited  the  most.  And  they  have  done 
so  essentially  because  many  of  them  have  observed  the  United  States  in  such 
minute  detail.  At  times,  indeed,  the  dogged  manner  in  which  Japanese  scholars, 
journalists  and  businessmen  pursue  even  the  most  trivial  piece  of  information  about 
American  life  borders  on  the  absurd.  [And  yet  it  is]  this  tireless  investigation  of  the 
tastes,  haoits  and  needs  of  American  consumers  that  has  so  often  enabled  Japanese 
industry  to  outcompete  American  companies  in  their  own  mark. 

-  Robert  C  Christopher  from  "The  Japanese  Mind" 

No  one  will  contest  that  the  ’creative  adaptation’  of  the  Japanese  has  made  them 
leaders  in  advanced  technology  and  commercialization.  They  remain  avid  observers  of  their 
neighbors  across  the  Pacific.  So  much  so  that  shades  of  American  influence  are  evident  in 
almost  every  aspect  of  Japanese  life,  especially  the  young  who  have  essentially  devoured 
anything  American  from  rock  n’  roll  music  to  sports  heroes  and  movie  stars. 

But  in  recent  years  the  Japanese  have  not  only  been  preoccupied  with  their  scrutiny  of 
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America'biit  "how  they  are  perceived  by  America  and  the  international  community.  Lately, 
Japanese  science  and  technology  agencies  have  been  criticized  both  for  their  lack  of  support 
for  basic  research  and  their  lack  of  promotion  of  technology  and  personnel  exchange  with 
foreign  countries.  To  this  they  have  responded  swiftly.  Three  major  science  and  technology 
future  directions  have  been  identified  by  the  Japanese  government:  1)  a  shift  in  research 
focus  to  more  fundamental  scientific  research,  2)  a  reform  of  some  of  the  more  constraining 
aspects  of  the  Japanese  science  and  technology  system,  and  3)  greater  participation  within 
the  international  scientific  conimunity.  Politically,  an  enormous  effort  is  being  made  to 
bolster  U.S.  -  Japan  technology  transfer.  The  Japan  Summer  Institute  Program  is  but  one 
small  part  of  this  full-out  effort  by  the  Japanese  government  to  remedy  the  imbalance.  The 
program  objective  is  (as  stated  in  the  application)  "to  provide  25  select  U.S.  science  and 
engineering  graduate  students  first-hand  experience  in  a  Japanese  research  environment,  an 
introduction  to  the  science  and  science-policy  infrastructure  of  Japan,  and  intensive  Japanese 
language  training"  -  with  the  hope  of  getting  American  scientists  interested  in  future 
collaborations  with  the  Japanese.  But  political  dreams  don’t  always  become  scientific 
realities. 

Well,  as  Max  Danger  predicted,  diversity  of  opinion  reigned  by  the  end  of  the  first 
month  for  the  Summer  Institute  participants.  My  own  first  impression  of  Japan  was  a  feeling 
that  I  had  stepped  back  into  the  1950’s  -  the  fads,  the  colorfrlness,  the  avid  consumerism, 
the  importance  of  family,  the  general  contentment  But  these  initial  images  soon  gave  way 
to  confusion  and  wonder.  In  the  broad  scheme  of  things,  Japan  did  not  seem  at  all  content 
How  were  the  Japanese  going  to  accommodate  this  new  feeling  of  internationalism  sweeping 
the  nation  while  still  harboring  their  self-centered,  inward-looking  cultural  values?  How 
would  Japan  deal  with  the  ever-widening  generation  gap  between  old  tradition  and  youthful 
ambition?  Why  all  the  fascination  with  things  non-  Japanese  (especially  American),  yet  such 
a  strong  unwillingness  to  accept  foreigners  into  their  social  structure?  What  kind  of  culture 
is  it  that  has  a  word  -  karoshi  -  for  ’death  due  to  overworking’?  With  sky-high  inflation, 
aowded  conditions,  harsh  work  schedules  -  how  could  the  Japanese  claim  to  be  content? 
I  found  myself  weighing  their  merits  on  my  own  cultural  value  scale  -  a  dangerous  mistake. 
Only  one  thing  was  clear.  The  Japanese  themselves  were  looking  for  the  answers  to  these 
very  questions.  Japan  is  a  land  undergoing  immense  change,  knee-deep  in  contradictions, 
and  difficult  to  comprehend.  The  most  any  outsider  can  hope  for  is  to  learn  to  accept  and 
adjust  to  the  inherent  differences  we  can’t  understand.  I  look  back  at  my  time  spent  there 
as  invaluable  -  so  many  things  learned,  so  many  friendships  gained,  so  many  barriers 
crushed.  In  the  following  seaions,  I  hope  to  present  an  accurate  picture  of  what  a  foreign 
researcher  can  expect  to  encounter  in  the  Japanese  research  environment,  with  emphasis 
more  on  the  things  that  are  different  and  in  some  cases  how  I  dealt  with  them.  Let’s  begin 
with  Tsukuba  Science  City. 

Tsukuba  Science  City 

In  the  scientific  community  around  Tsukuba,  the  cultural  barriers  are  considerably  less 
severe  than  in  mainstream  Japan  -  most  likely  due  the  international  exposure  and  awareness 
of  this  branch  of  society.  The  myths  that  plagiaed  me  beforehand  turned  out  to  be  just  that 
-  myths.  For  example,  never  did  I  feel  that  I  was  being  treated  differently  or  poorly  because 
I  was  a  woman.  (However,  I  was  one  of  only  three  female  scientists  at  my  institute.)  Nor 
did  I  notice  any  measurable  differences  in  the  ability,  creativity,  motivation,  sense  of  humor, 
or  integrity  of  the  Japanese  scientist  compared  to  his  American  counterpart.  In  my  field  of 
research,  radiation  damage  of  materials,  the  scientific  approach  was  strikingly  similar.  But 
while  this  was  true  of  the  research  itself,  significant  cultural  differences  in  the  research 
environment  did  exist  which  are  described  in  the  following  sections. 

The  Japanese  have  an  enormous  tendency  to  organize  things  in  nice,  neat  little 
packages.  TTiis  includes  companies  -  which  organize  cities  around  their  factories,  and  the 
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government  V  wKich  organized  a  ’comprehensive  research  and  housing  complex’  called 
Tsukuba  Science  City.  It  is  located  approximately  60  km  northeast  of  Tokyo.  Planned  and 
built  by  the  government  to  be  a  center  for  high-level  research  and  education,  it  now  houses 
more  than  55  national  and  private  research  institutes  as  well  as  Tsukuba  University. 

My  first  impression  of  the  place  -  in  a  word  -  was  "Brasilia".  Indeed,  very  little  of  the 
traditional  Japanese  flavor  has  been  preserved  in  the  building  of  this  city.  Although,  to  be 
fair,  it  is  a  quaint  and  very  pleasant  place  to  live.  There  are  many  parks  and  bikeways. 
Western-style  toilets  abound.  International  foods  -  such  as  peanut  butter,  ketchup,  potato 
chips  -  are  easily  obtained  here.  Should  you  choose  to  be  the  accidental  tourist,  you  have 
a  choice  of  McDonald’s,  Kentucky  Fried  Chicken,  Denny’s,  Shake/s,  Baskin-Robbins,  as 
well  as  a  number  of  ethnic  restaurants  -  Mexican,  Italian,  Chinese,  etc.  Because  of  the 
nature  of  the  community  -  scientists,  their  families,  and  students  -  most  of  the  residents 
speak  English.  All  in  all,  it’s  a  nice  ’buffer  zone’  between  the  harsh  cultural  and  taste 
differences  of  mainstream  Japan  and  the  Western  world.  The  foreign  visitor  doesn’t  really 
get  a  genuine  feeling  for  Japanese  living,  but  is  comfortable. 

Foreign  visitors  are  treated  well  in  Tsukuba.  The  Japanese  go  through  great  pains  to 
please.  Department  store  clerks  tirelessly  chant  their  welcome  greeting  "irrashaimase"  to 
incoming  customers.  A  number  of  interactive  groups  for  foreigners  have  been  organized. 
Nearly  all  of  the  items  required  for  a  long  term  stay  are  provided  in  one  way  or  another. 
Service  is  generally  prompt,  courteous,  and  on-schedule.  Convenient  bus  and  train  service 
from  Tsukuba  to  Tokyo  does  exist,  but  is  expensive. 

Actually,  it  doesn’t  take  long  for  the  foreigner  to  realize  that  everything  is  generally 
expensive  in  Japan  -  food,  clothing,  shelter,  gas,  entertainmenL  Telephone  installation  is 
surprisingly  outrageous  in  cost.  The  average  salary  is  higher,  as  well,  but  perhaps  not  quite 
high  enough  to  compensate  for  the  inflated  prices. 

Some  of  the  best  (i.e.  most  spacious)  lodging  in  Tsukuba  is  reserved  for  the  long-term 
foreign  visitor,  while  the  Japanese  scientists  and  their  families  are  housed  in  smaller 
government-  subsidized  apartment  complexes.  But  even  so,  the  housing  is  more  on  par  with 
smdent  housing  in  the  U.S.:  multiple-units  packed  into  the  minimum  required  land  space. 
Countertops  and  doorways  are  scaled  down  to  3/4  size.  In-house  laundry  facilities, 
especially  dryers,  are  rare.  You  will  not  find  a  hot  water  cycle  in  a  wash  machine  anywhere 
in  Japan. 

A  more  difficult  time  is  probably  had  by  the  foreign  nnsearcher’s  family.  At  most  of 
the  institutes,  working  hours  go  well  into  the  evening.  Every  other  Saturday  is  a  working 
day  as  well.  After-hours  socialization  with  coworkers  is  common  practice  and  it  does  not 
include  the  spouse.  Therefore,  it  can  turn  out  to  be  a  long,  lonely  stay  for  the  American 
spouse  and  family.  Japanese  women,  who  generally  do  not  work  outside  the  home  but 
devote  their  time  to  taking  care  of  the  children,  are  unfortunately  not  easy  to  get  to  know. 
They  have  their  own  network  but  it’s  difficult  for  a  foreigner  to  break  into,  especially  if  she 
does  not  speak  Japanese.  House-husbands,  such  as  would  be  the  case  for  my  family,  are 
unheard  of  and  would  certainly  not  be  welcomed  into  the  network. 

Aside  from  the  International  Science  and  Technology  Expo  held  in  Tsukuba  in  1985, 
little  evidence  could  be  seen  of  the  spill  over  benefits  this  localized  base  for  science  should 
be  reaping.  Although  strong  collaborations  were  seen  to  exist  within  individual  institutes, 
interaction  between  scientists  of  different  institutes  as  well  as  between  the  institutes  and 
Tsukuba  University  was  very  limited  in  comparison  to  the  U.S.  For  example,  colloquia  were 
not  shared  between  institutes  doing  complementary  research  -  very  unlike  similar  situations 
in  the  U.S.  (such  as  the  collaborations  shared  between  Argonne  National  Laboratory  and 
a  large  network  of  local  universities).  Networking  appeared  to  be  extremely  poor  between 
institutes  run  under  different  science  and  technology  arms  of  the  government.  Many  of  the 
stronger  collaborations  between  scientists  originated  before  they  ever  reached  Tsukuba. 
The  bottom  line  is  that  there  is  no  open  forum  for  -  or  means  to  communicate  -  the  sharing 
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f  ideas.  Perhaps  a  forum  exists,  but  the  scientists  just  don’t  know  how  to  take  advantage 
f  it.  In  this  respect,  the  Japanese  research  environment  at  Tsukuba  is  very  different  from 
le  U.S.  The  Japanese  appear  to  have  an  inherent  distrust  of  strangers  and  unfamiliar 
jjTOundings,  wthch  is  but  one  of  the  many  cultural  hurdles  facing  the  foreign  visitor.  My 
seling  is  that  it  has  a  lot  to  do  with  their  rigid  protocol  and  inefGcient  methods  of 
ommunication,  both  of  which  are  discussed  further  in  the  next  sections. 

A  similar  trend  was  noticed  with  the  basic  research  initiatives.  For  as  much  as 
ompanies  are  willing  to  participate  in  these  joint  ventures,  there  appears  to  be  an  equal 
mount  of  distrust  and  unwillingness  to  openly  share  technology  and  ideas.  Details  of 
jqHsrimental  work  are  often  kept  confidential,  which  makes  it  difficult  for  peer  review.  It 
rill  be  interesting  to  watch  how  these  basic  research  initiatives  evolve  in  the  next  few  years. 

lie  Japanese  Government  Research  Institute 

Although  the  Tsukuba  Science  City  concept  has  perhaps  not  fully  matured,  research 
rithin  the  various  public  and  private  laboratories  is  very  healthy.  My  assignment  was  the 
rational  Research  Institute  for  Metals  (NRIM  or  Kin  zo  ku  zai  ryo  gi  ju  tsu  ken  kyu  jo  to 
le  Japanese),  in  the  Nuclear  Maierials/Materials  Charaaerization  group.  NRIM  is 
ponsored  by  the  Science  and  Technology  Agency  (STA)  branch  of  the  govemmenL  The 
mtual  interest  of  this  group  and  my  own  PhD  work  is  studying  the  effect  of  ionizing 
idiation  on  materials;  but  where  they  concentrate  on  bulk  phenomena.  Pm  more  interested 
1  surfrice  phenomena.  In  addition,  we  were  both  interested  in  developing  special  purpose 
lectron  microscopes  to  carry  out  our  research.  During  my  stay  in  Japan,  I  was  able  to  visit 
number  of  the  other  research  instimtes  in  and  around  TsuJmba  Sdence  City  >  including 
le  National  Institute  for  Research  in  Inorganic  Materials  Science  and  Technology  (NIRIM), 
le  National  Space  Development  Agency  of  Japan  (NASDA),  the  Electro-technical 
aboratory  (ETX),  the  Natioi^  Laboratory  for  High  Energy  Physics  (KEK),  NEC  Research 
aboratories,  the  Japan  Atomic  Energy  Research  Institute  (JAERI),  Tokyo  Institute  of 
echnology  (TIT),  both  JEOL  and  Hitachi  Corporations  •  leaders  in  the  production  of 
lectron  microscopes,  as  well  as  a  number  of  other  universities  and  companies  throughout 
ipan. 

Overall,  NRIM  and  most  of  the  other  research  instimtes  I  visited  are  set  up  similarly 
)  U.S.  national  laboratories.  Facilities  and  equipment  were  of  the  same  or  better  quality, 
hey  were  generally  smaller  in  size,  with  fewer  personnel  It's  a  toss  up  trying  to  decide 
ho  has  more  bureaucracy  -  but  with  their  multiple  (>5)  signature  stamp  purchase  order 
pproval  form,  Pd  guess  that  the  Japanese  are  slightly  ahead. 

There  are  four  main  divisions  at  the  Tsukuba  branch  of  NRIM  -  High  Strength 
laterials.  Nuclear  Materials,  Superconducting  and  Cryogenic  Materials  and  Surface  and 
iterfaces  of  Materials.  Divisions/groups  are  set  up  according  to  a  particular  research 
mphasis  -  such  as  Nuclear  Materials/  Materials  Charaaerization  in  my  case.  NRIM  has 
Tproximately  437  personnel:  333  scientists  and  104  administrators  split  between  the 
bkyo-Meguro  site  and  the  Tsukuba  site.  However,  the  entire  Tokyo  branch  will  be  moving 
)  Tsukuba  within  the  next  few  years. 

One  of  the  more  striking  initial  observations  to  me  was  bow  equipment-intensive  the 
iboratories  were,  yet  how  extremely  short  they  were  on  labor.  Apparently,  it  is  easier  to 
btain  funds  for  capital  equipment  than  for  skilled  personnel  In  some  areas,  such  as 
irface  science,  the  ratio  of  instrument/scientist  was  significantly  greater  than  one  -  in  stark 
mtrast  to  the  U.  S.  where,  for  example,  a  given  surface  analysis  ESCA  chamber  often 
mdles  multiple  users  (of  the  order  of  5-10  for  the  instrument  at  Northwestern  University), 
be  elytron  microscopy  facilities  were  busier,  but  miaoscopy  time  was  still  more  available 
lan  what  Fve  been  useo  to.  The  Materials  Charaaerization  group  alone  was  in  charge  of 
po  transmisson  electron  microscopes,  with  a  high  voltage  (Me  V)  instrument  on  order  from 
EOL  Corporation. 
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[As  an  aside,  it's  also  interesting  to  note  how  many  high  voltage  electron  microscope 
(H\%M)  facilities,  despite  their  enormous  cost,  exist  in  Japan.  It  can  be  said  that  at  any 
given  Japanese  university,  the  quality  of  a  materials  science  department  rests  on  whether 
they  have  a  HVEM  or  noL  NRIM  has  ordered  one,  NIRIM,  a  neighboring  STA  institute, 
already  has  one.  Considering  that  you  can  still  count  the  number  of  HVEM  facilities  in  the 
U.S.  with  one  hand,  the  amount  of  Japanese  research  yen  put  into  high  voltage  electron 
microscopy  alone  is  incredible.] 

Groups  vary  in  size  from  less  than  five  to  not  more  than  fifteen  members.  Any  given 
group  may  be  made  up  of  a  number  of  scientists  firom  Japanese  industry  on  loan  to  the 
laboratory  through  a  cooperative  program.  This  aspect  of  technology  transfer  appears  to 
be  working  well  to  provide  an  effective  indirect  R  &  D  link  between  companies  through  the 
natiorud  laboratory.  Unlike  U.S.  national  laboratories,  very  few  students  or  foreigners  are 
present  in  the  work  force.  This  year,  NRIM  has  been  host  to  two  STA  fellows  -  an 
American  and  an  Italian,  as  well  as  a  few  scientists  from  a  program  Japan  has  initiated  to 
aid  in  the  technological  advancement  of  imderdeveloped  countries.  However,  only  one 
foreigner  (an  American)  was  employed  permanently  and  he  has  since  returned  to  the  U.S. 

The  background  education  of  the  Japanese  scientist  and  his  American  counterpart  are 
somewhat  different.  In  the  U.S.,  most  of  the  scientists  employed  by  national  laboratories 
have  PhD  degrees,  earned  prior  to  employment  at  the  laboratory.  In  Japan  there  are  fewer 
PhD  degree  scientists.  In  addition,  they  have  a  type  of  thesis  program  where  scientists  are 
hired  at  the  B.S.  leveL  They  are  trained  at  the  laboratory  and  eventually  write  up  a  thesis 
which  is  submitted  to  a  graduate  program  at  some  university.  Thus,  the  emphasis  is  on  the 
applied  rather  than  the  theoretical  knowledge  base.  I  am  not  sure  of  the  percentages  of 
employees  who  receive  their  degrees  in  this  way.  However,  it's  a  sensible  route  since 
Japanese  smdents  in  ail  fields  •  including  science  and  engineering  •  generally  have  to  pay 
for  their  graduate  studies  in  fuJL  Some  scholarships  even  require  reimbursement  after 
graduation. 

One  cannot  avoid  noticing  that  Japanese  national  research  facilities  are  short  on  people 
at  all  levels,  but  especially  at  the  skilled  technician  level  There  are  a  number  of  possible 
reasons  for  this  shortage.  One  major  reason  seems  to  be  the  pull  from  areas  such  as 
banking  and  finance.  A  number  of  universities  have  already  noted  the  desertion  of  a 
significant  number  of  new  science  and  engineering  PhD  graduates  to  jobs  in  the  banking  and 
finance  areas.  Nadonal  laboratories  may  soon  have  a  difficult  time  finding  qualified 
personnel 

In  the  Japanese  national  laboratory  system,  people  are  hired  with  the  intent  of  being 
kept  for  the  long  term.  Rarely  is  anyone  fired.  One’s  salary  is  determined  primarily  by  the 
number  of  years  employed,  with  personal  achievement  indicators  such  as  paper  publications 
or  goals  achieved  being  of  secondary  importance.  The  end  result  is  that  a  majority  of 
Japanese  scientists  do  not  change  jote  once  hired. 

The  issue  of  job  security  is,  however,  a  'two-edged  sword’.  On  the  one  hand,  this 
scheme  encourages  •  and  allows  time  for  -  scientists  and  engineers  to  have  mobility  within 
the  insdmte,  thus  giving  them  a  better  baseline  understanding  of  the  breadth  of  the 
research.  Scientists  are  more  inclined  to  broaden  their  expertise  within  the  framework  of 
the  project  rather  than  increase  their  expertise  in  a  specific  area,  which  is  often  done  in  the 
U.S.  to  increase  the  'experience  quotient'  for  future  employment  opportunities.  (The  same 
scheme  is  used  in  Japanese  industry,  where  employees  are  moved  between  the  various 
branches  to  give  them  a  better  over^  understanding  of  how  the  different  divisions  within 
the  company  are  related.) 

On  the  other  hand,  the  hiring  quota  is  low  due  to  the  extra  long-term  expense  of  each 
new  individual  and  rarely  is  anyone  hired  at  the  technician  level  •  which  is  not  considered 
a  permanent,  long-term  position.  Scientists  are  extremely  overworked.  In  addition  to 
research,  they  must  either  do  all  their  own  routine  maintenance  or  call  on  outside  help, 
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licfa  is  both  tune  consuming  and  costly.  DifBcuit  situations  can  arise  when  disciplinary 
don  is  needed  to  motivate  or  stimulate  inefficient  workers.  The  incentives  for  personal 
liievement  are  less  obvious  in  the  Japanese  national  laboratory. 

There  are  a  number  of  aspects  of  the  Japanese  system  which  enhance  the  individual 
entist's  perspective  of  the  research  goals.  It  has  already  been  mentioned  that  scientists 
iially  do  not  change  jobs  frequently  and  that  they  are  encouraged  to  spend  time  in  various 
sups  within  their  own  facility,  addition,  they  are  encouraged  to  spend  some  time 
mally  two  years)  abroad  at  some  laboratory  doing  similar  research.  The  Japanese 
vemment  pays  for  this  so  it  is  ^ly  easy  to  have  the  pick  of  places.  The  J^anese 
exxdst  is  also  required  at  some  point  in  time  to  do  an  administrative  internship.  For 
ample,  NRIM  scientists  usually  do  a  one  year  internship  at  STA  headquarters  in  Tokyo, 
lis  provides  administrators  with  first-hand  information  of  the  ’goings-on’  in  the  actual 
Miarch  environment  as  well  as  providing  the  scientist  with  an  understanding  of  the 
magement  framework. 

The  first  cultural  hurdle  I  encountered  was  the  rigidity  of  the  Japanese  system.  Protocol 
d  place  mean  everything  there.  You  must  know  what  your  place  is  and  where  it  fits  in. 
bat  way,  you  know  how  far  down  you  have  to  bow.)  One  asks  for  permission  to  use  the 
,000  yen  hot  plate  in  the  same  way  one  asks  for  permission  to  use  the  20,000,000  yen 
sctron  microscope.  Violation  of  this  protocol  gan  result  in  anything  from  long  lasting 
idges  to  permanent  banishment.  So,  when  in  Japan,  it  is  essential  to  play  by  ±e  rules 
im  Day  1.  Daily  protocol  covers  such  areas  as  how  the  group  makes  decisions,  how  the 
}up  interacts  with  other  groups,  and  how  the  individual  interacts  within  the  group. 

Within  each  group,  the  dedsion-maidng  process  is  slow  and  deliberate  -  never  without 
Qsideration  of  every  option  in  detail  •  which  is  (arguably)  the  most  difficult  aspect  of  the 
3anese  research  environment  to  get  used  to.  It  is  performed  in  a  highly  systematic 
hion,  with  everyone  involved  at  all  stages  -  including  myself  for  the  short  time  I  was  there 
s  summer.  Meticulous  attention  is  paid  to  the  details  of  the  research  project  Perhaps 
newhat  unlike  the  U.Sn  a  supervisor  will  never  go  ahead  with  something  until  everyone 
hilly  informed.  The  scientists  thus  have  a  much  better  view  of  the  scope  of  the  research 
)ject  and  where  it  fits  into  the  ’big  picture’.  And  because  of  this  long  drawn  out  process, 
ce  a  decision  on  a  particular  course  of  action  or  a  particular  design  is  made,  it  is  quite 
ficult  to  reverse  -  good  or  bad. 

Within  the  decision  making  process  in  the  Japanese  system,  there  are  unwritten  -  but 
Dngly  adhered  to  -  rules  which  preserve  the  sense  of  balance.  Take  the  purchasing  of 
lipment,  for  example.  In  the  U.S.,  the  purchase  of  capital  equipment  is  often  determined 
a  bidding  process,  where  the  lowest  bidder  wins  the  contract,  independent  of  past  or 
□re  purchases.  In  Japan,  it's  somewhat  different  The  government  appears  to  go  through 
at  effort  not  to  play  favorites.  This  strict  sense  of  balance,  in  effect,  ^ots  to  each  major 
nufacturer  a  ’piece  of  the  pie’.  Around  the  laboratories,  one  can  see  many  examples  of 
(.  For  instance,  if  one  electron  microscope  is  purchased  from  JEOL  corporation,  then 
next  is  purchased  from  Hitachi  and  so  on.  Another  example  is  how  Toshiba  and  Hitachi 
equally  represented  in  the  superconducting  magnet  lab  at  NRIM. 

Outside  the  group  framewori^  a  strict  hierarchy  of  positions  exists  which  inhibits  most 
mtists  from  questioning  the  decisions  of  their  superiors  as  well  as  making  any  kind  of 
asions  on  their  own  without  the  explicit  okay  of  their  superiors.  The  Japanese  have  a 
mg  respect  for  their  elders.  Examples  illustrating  this  are  often  seen  at  conferences, 
sre  a  junior  scientist  will  refrain  from  commenting  on  something  until  he  or  she  has 
Hissed  it  with  his  or  her  superior.  It  takes  a  good  boss  to  be  able  to  bring  out  the 
fidence,  opinions  and  ideas  of  his  subordinates  in  Japan. 

As  in  the  U.S.,  communication  between  groups  varies  widely  with  the  group.  Intergroup 
mninication  of  the  discovery  of  the  Sr-Bi-Ca-Cu-O  superconductor,  for  example,  took 
EttiB  ^ndien  it  may  have  been  more  beneficial  for  NRIM  as  a  whole  if  this  information  had 
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been  disseminate^^bdner.  On  the  other  hand,  I  was  also  aware  of  a  number  of  strong 
inter-group,  inter-laboratory,  lab-university,  and  international  collaborations  in  the  Nuclear 
Materials  division.  These  aopeared  to  be  more  deep-rooted  relationships  dating  back 
primarily  to  university  days,  but  some  went  as  far  back  as  childhood,  (Due  perhaps  to  the 
nature  of  the  research,  there  is  a  strong  international  network  in  the  nuclear  materials  area, 
within  which  the  Japanese  have  played  an  integral  part.) 

The  biggest  hurdle  in  the  cultural  barrier  that  I  encountered  was  communication.  The 
art  of  communication  is  very  interesting  in  Japan.  It  varies  drastically  from  the  American 
way.  We,  for  example,  generally  say  what  is  on  our  mind  at  (or  near)  the  moment  the 
thought  enters  into  our  head.  We  are  generally  direct;  primary  emphasis  being  placed  on 
the  spoken  word.  No  credit  is  given  to  that  which  is  left  unsaid.  The  Japanese  way  is 
almost  the  opposite.  Thoughts  and  ideas  are  pondered  long  and  hard  before  ever  reaching 
the  lips.  Communication  is  very  indirect,  with  at  least  as  much  emphasis  placed  on  what  is 
left  unsaid  as  on  the  spoken  word.  Gesturing  and  intonation  play  an  integral  part  of  the 
final  act  of  communication.  (In  fact,  a  popular  stereotypical  view  that  the  Japanese  have 
of  Americans  is  that  we  often  talk  before  we  think  and  do  so  loudly.) 

There  is  an  entire  philosophy  in  Japan  dedicated  to  the  art  of  gesture  and  the  unspoken 
word.  It  is  called  Haragei.  Haragei  is  literally  translated  to  ’art  of  the  belly’.  In  practice, 
it  is  the  act  of  dealing  with  people  or  situations  through  ritual  formalities  and  accumulated 
experience. 

Quoting  from  a  lecture  given  by  Dr.  S.  leno  of  Tsukuba  University  to  the  Summer 
Institute  participants  and  from  the  collected  works  of  Mr.  Michihiro  Matsumoto,  a  specialist 
in  the  area  of  Haragei  research: 

Ruth  Benedict,'  in  the  book  The  Chrysanthemum  and  the  Sword  [1],  observed  the 
Japanese  nature  as  follows:  The  Japanese  are,  to  the  highest  degree,  both 
aggressive  and  unaggressive,  both  militaristic  and  aesthetic,  both  insolent  and  polite, 
rigid  and  adaptable,  submissive  and  resentful  of  being  pushed  around,  loyal  and 
treacherous,  brave  and  timid,  conservative  and  hospitable  to  new  ways.  TTiey  are 
terribly  concer  ned  about  what  other  people  will  think  of  their  behavior,  and  they 
are  also  overcome  by  guilt  when  other  people  know  nothing  of  their  misstep.  Their 
soldiers  are  disciplined  to  the  hilt  but  also  insubordinate’.  In  this  view  the  Japanese 
are  illogical.  However,  if  they  are  observed  from  within,  they  are  simply  Hara- 
logical.  The  Hara-logical  accepts  either  "yes"  or  "no"  as  it  comes,  and  rejects 
nothing.  Hara-logic  and  Haragei  truth  are  in  a  category  of  their  own.  Particularly 
in  politics,  where  Haragei  is  standard  operating  procedures,  the  truth  not  only  hurts 
•  but  can  make  one  bleed  to  death.  What  argument  is  to  Westerners,  Haragei  is  to 
Japanese. 

The  Haragei  concept  can  also  be  illustrated  in  other  comparisons  of  Japan  and  the  U.S. 
For  example,  from  Saeki  Shoichi,  professor  of  American  literature  at  Chuo  University,  in 
"Rediscovering  America’s  Dynamic  Society",  Japan  Echo,  Spring  1988: 

In  America,  college  students  bring  all  their  gripes  and  grievances  right  out  into 
the  open  and  confront  the  instructor  with  them.  The  direa  approach  allows  for  a 
quick  solution  -  provided,  that  is,  that  the  instructor’s  explanation  is  prompt  and 
clear. 

The  marked  difference  between  the  look  and  feel  of  classrooms  in  Japan  and 


'Benedict,  Ruth,  'The  Chrysanthemum  and  the  Sword:  Patterns  of  Japanese  Culture", 
Tuttle  Publishing,  Tokyo,  1965. 
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‘  those  in  the  United  States  comes  to  mind  when  I  hear  complaints  of  Japan-bashing. 
Washington  says  whatever  it  pleases  with  brash  assertiveness,  while  Tokyo  responds 
with  passive,  defensive,  evasive  mtimbling.  That  the  behavior  of  college  students 
should  echo  the  rhythms  of  Japan-U.S.  trade  friction  is  perhaps  less  amusing  than 
frightening. 

Although  most  Japanese  won’t  admit  to  it,  varying  degrees  of  Haragei  logic  are  used 
even  in  their  daily  interactions.  In  contrast  to  the  U.S.  (where  people  use  the  word  "no"  too 
liberally  in  my  Opinion),  rarely  will  a  Japanese  person  actually  say  ’no’  when  he  or  she 
means  ’no’,  even  when  not  agreeing  with  an  opinion  or  a  statement.  To  them  it’s  more 
poUte  to  counter  a  point  without  having  to  say  outright  "no,  you’re  wrong".  I  personally 
encountered  many  shades  of  grey  between  ’yes’  and  ’no’.  These  were  generally  manifested 
in  the  phrase  ’yes,  but . . .  The  longer  the  clause  behind  the  ’but*,  the  closer  to  ’no’  the 
statement  actually  was.  Eventually  I  began  to  recognize  this  communication  trait;  and  also 
learned  to  phrase  my  questions  in  such  a  way  that  an  unambiguous  answer  was  required. 
Despite  Elaiagei,  communication  within  each  research  group  is  open;  and  there  is  a  strong 
sense  of  respect  for  each  other.  It  is  often  said.  The  nail  that  sticks  up  gets  pounded  down". 
I  found  this  to  be  true  in  a  good  sense.  There  is  no  room  for  big  egos  in  the  Japanese 
system.  More  value  is  placed  on  how  well  one  worla  within  the  group  framework.  Nobel 
prize  winning  biologist,  Susumu  Tonegawa  (from  the  Chicago  Tribune  Magazine,  April  29, 
1990)  compares  the  contrasting  styles  as  follows: 

The  key  to  America’s  high-powered  intellectual  performance  is  motivation  .  .  . 

The  [American]  society  encourages  and  rewards  outstanding  effort  In  Japan,  by 
contrast  the  social  ide^  is  the  hard-working,  low-key  craftsman.  To  maintain  group 
harmony,  we  arc  encouraged  to  downplay  individualism.  Japanese  society  frowns 
on  people  who  stand  out  from  the  aowd,  who  disrupt  the  status  quo. 

In  the  U.S.,  individuals  are  expected  to  take  charge  of  their  own  lives.  Self- 
expression  is  highly  valued.  And  Americans,  for  better  or  worse,  are  aggressive. 
Quiet  self-effat^g  Japanese  cut  a  poor  figure  in  U.S.  labs. 

Recently,  team  efforts  in  both  countries  have  made  major  break-throughs  in  basic 
research,  llie  team  approach  [of  the  Japanese]  often  utilizes  facilities  more 
efficiently  than  individuals  But  individuals,  not  groups,  come  up  with  new 
ideas,  the  sine  qua  non  of  research.  Group  work  -  the  norm  in  Japan  -  stimulates 
good  mindt  but  most  team  members  exert  a  leveling  influence  on  their  members 
and  thus  stifle  individual  creativity. 

Viewed  from  a  different  perspective,  Americans  can  be  perceived  as  aggressive  and 
overbearing  •  cutting  a  poor  figure  in  the  Japanese  labs  as  well.  It’s  clear  that  not  only  do 
Japan  and  the  United  States,  but  Japanese  and  Americans  have  much  to  gain  through 
collaboration  with  each  other.  The  cultural  differences,  for  the  most  part,  can  be  viewed 
as  complementary  rather  than  conflicting.  The  stifling  group  mentality  of  the  Japanese  can 
be  loosened  by  the  Americans;  whereas  the  Americans  can  benefit  not  only  from  the 
steadiness  of  the  Japanese  pace  and  their  meticuious  eye  for  detail,  but  learn  to  capitalize 
on  the  value  of  the  group  versus  the  individual  ego. 

In  conclusion,  my  experiences  indicate  that  the  cultural  barriers,  once  identified  and 
accepted  in  their  own  context,  are  not  insurmountable;  and  that  personal  fiiendship  can 
break  down  the  highest  of  barriers.  The  more  I  learn  about  the  Japanese,  the  more  I  learn 
about  myselL  The  time  is  ripe  for  Japanese  •  American  collaboration.  Lastly,  there  is  one 
very  good  rule  of  thumb  on  how  to  proceed  in  Japan:  In  America,  often  forgiveness  is 
easier  to  receive  thap  permission.  In  Japan,  the  opposite  is  true.  Even  so,  the  Japanese  will 
put  up  with  quite  a  bit  from  the  foreign  scientist  and  will  refrain  from  confrontation  if  at  ail 
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possible.  The  best  thing  to  remember  is;  if  you  wouldn’t  be  able  to  get  away  with  it  back 
at  home,  don’t  try  it  with  the  Japanese.  Courtesy  and  politeness  need  no  translation. 


A  Comparison  of  Cultures 


Sumo  Wrestling 

Much  skill,  years  of  training,  dedication 
required. 

Highly  competitive. 

Passive  show  of  strength. 

Show  of  emotion  looked  down  on,  control 
important. 

Deep  respect  for  opponent 

Emphasis  on  balance  and  harmony,  how 
game  is  played. 

Individual  effort  sees  rewards  with  time, 
rank. 

Judgements  not  questioned. 

Performed  under  strict  rules,  rigid  proto* 
coL 

Winning  technique;  simple,  elegant,  straight 
forward,  steady  strategy. 


Pyramid  system:  bottom  up. 


Relationships  close,  cooperative,  within 
stable.  Stablemates  don't  fight  each  other 
in  official  competition  (except  for 
tiebreaker  situations). 

As  much  (if  not  more)  emphasis  on  events 
outside  the  match  itself. 

Very  few  foreigners  allowed  in  the  sport 


American  Football 

Much  skill,  years  of  training,  dedication 

required. 

Highly  competitive. 

Active  show  of  strength. 

Lots  of  emotion  allowed,  sometimes  affects 
game. 

Healthy  disrespect  for  opponent. 

Emphasis  is  simple  and  direct:  the  bottom 
line  is  the  final  score. 

Individual  efforts  immediately  rewarded. 

Frequent  questioning  of  judgments. 

Within  the  framework  of  the  rules,  any¬ 
thing  goes. 

Winning  technique;  complex,  lots  of  theo¬ 
ries  proposed,  rules  and  strategy  always 


’Brightest  Stars'  stand  out  regardless  of  age, 
rank. 

Competition  exists  within  team  as  well  as 
between  team. 


Main  emphasis  is  on  game  itself,  little 
regard  for  ’pre'  and  ’posP  game  fluff! 

Foreigners  welcome,  especially  if  they  are 
good. 
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APANESE  RESEARCH  STUDENTS  IN  THE  UNITED  STATES 


Lichard  C.  Bradt,  Mackay  School  of  Mines,  Universiiy  of  Nevada,  Reno 


Although  fve  never  had  a  jointly  funded  research  program  with  either  a  Japanese 
ompany  or  government  agency,  I  have  had  the  opportunity  to  advise  nearly  twenty  Japanese 
raduate  students  and  laboratories,  and  a  number  of  Japanese  industrial  scientists  as  well, 
lany  of  these  contacts  were  made  during  a  sabbatical  in  Japan  in  1978,  or  during  numerous 
ibsequent  visits  to  Japan.  These  cooperative  research  efforts  have  yielded  nearly  fifty 
>umal  manuscripts  and  currently  another  dozen  or  so  scientific  papers  that  are  in  progress, 
ve  thoroughly  enjoyed  the  interactions.  The  only  problem  is  for  me  to  keep  up  ±e  pace. 
Jthough  it  hasn’t  always  been  easy,  it  has  always  been  rewarding! 

In  addressing  the  various  research  aspects,  FU  try  to  first  discuss  a  few  general 
bservations  that  I  have  made  while  interacting  with  Japanese  scientists,  then  I’ll  try  to  be 
lore  specific  in  terms  of  the  graduate  smdents,  visiting  faculty  and  industrial  scientists.  In 
le  cooperative  efforts  in  which  Fve  participated,  Fve  always  found  the  Japanese  scientists 
nd  engineers  to  be  very  enthusiastic,  inquisitive  and  willing  to  work.  Their  approach  to 
cperimental  studies  is  a  very  systematic  one,  thorough  and  methodical.  Data  gathering  and 
nalysis  is  meticulous.  Even  with  the  graduate  students,  Fve  always  been  able  to  evenmally 
evelop  a  colleague-Uke  relationship  so  that  they’ve  been  very  interactive,  making  valuable 
iggestions  and  being  critical,  as  well  as  responsive  to  criticism.  Relative  to  Americans, 
tyself  included,  Fve  found  the  Japanese  scientists  to  be  much  more  thorough  with  literature 
{Views  and  to  use  those  references  very  wisely  in  planning  experiments.  There’s  absolutely 
0  doubt  in  my  mind  that  Japanese  scientists  are  quite  disciplihed  in  their  pursuit  of 
terature  searches  before  starting  experiments.  Often,  I  found  them  to  identify  peripheral 
{ferences  that  are  valuable.  Very  frankly,  Fve  alwa^  been  puzzled  by  this  dedication  and 
Dility  and  have  wondered  as  to  its  origins.  Once  the  research  is  complete,  as  co-authors, 
ley  will  invariably  want  the  paper  written  in  English. 

The  graduate  students  with  whom  Fve  been  fortunate  to  condua  research  have  either 
een  Monbusho  scholarship  awardees  or  industrial  employees  fully  supported  by  their 
smpanies.  For  the  most  part,  they  have  been  very  serious  in  their  studies  and  research.  If 
did  not  know  them  prior  to  their  joining  my  research  group,  they  were  usually  far  too 
ispectful  and  a  bit  difficult  to  work  with  at  first  However,  after  some  time,  a  more  collegial 
mosphere  developed  and  the  research  relationship  substantially  improved.  Fve  generally 
lund  my  Japanese  graduate  students  to  be  delightful  and  most  rewarding  to  do  research 
ith  and  to  publish  with.  They  develop  a  strong  life  long  relationship  with  you,  much  closer 
lan  most  American  students.  Whenever  I  go  to  Japan,  a  number  of  my  former  students 
leet  me  in  Tokyo  for  a  welcome  unagi  dinner  celebration.  They  are  almost  like  members 
f  my  family. 

Japanese  universities  send  their  best  yoimg  faculty  abroad  to  study  for  a  year  or  two, 
id  Fve  been  fortunate  to  have  several  of  them  choose  to  smdy  and  do  research  with  me. 
ike  the  students,  they  too  are  initially  not  as  collegial  as  they  become  later.  It  has  been  my 
tperience  that  they  are  very  serious  and  hard  working.  After  they  return  to  Japan,  the 
loperation  and  interaction  continues  for  many  years.  In  several  instances,  they  have 
mtinued  to  send  me  their  manuscripts  written  in  English  for  correction  and  editing,  for 
ley  continue  to  wish  to  publish  in  English. 

Cooperative  research  with  the  Japanese  scientists  at  the  GIRI  laboratories  and  in 
dustry  is  equally  challenging  and  rewarding.  They  set  a  pace  that  is  difficult  to  match  and 
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will  always  contribute  more  than  their  fair  share.  Again,  the  collaboration  never  ends  and 
a  near  family-like  relationship  develops. 

Overall  Fve  found  it  a  pleasure  to  cooperate  with  Japanese  scientists  at  all  levels  in 
various  research  endeavors.  I  feel  that  I  always  receive  more  than  I  am  able  to  give  to  the 
joint  efforts  and  I  have  never  had  any  disappointments.  It’s  been  some  of  the  most  enjoyable 
and  rewarding  research  in  which  Fve  been  able  to  participate. 


CROSS-CULTURAL  STUDIES  OF  MANAGEMENT  AND  ORGANIZATIONAL 
BEHAVIOR 


Toshi  Kii,  Georgia  State  University 


Various,  almost  countless,  comparisons  have  been  made  between  the  U.S.  and  Japan  in 
terms  of  management  style  in  the  private  sector,  the  role  of  the  public  sector,  the  role  of 
education,  human  behaviors,  values,  and  scientific  irmovation  and  creativity.  What  has  come 
out  of  both  the  intellectual  and  popular  discussions  in  these  areas  over  the  past  ten  years 
seems  to  be  more  political  in  connection  with  international  business  and  trade,  namely,  that 
Japan  is  different,  unique,  and  even  enigmatic.  However,  there  have  been  several 
informative  writings  on  the  issue  surrounding  innovation  and  creativity  of  Japanese 
industries,  such  as  Sheridan  Tatsuno’s  THE  CREATED  IN  JAPAN  (1990),  Stephen  Kline’s 
INNOVATION  STYLES  IN  JAPAN  AND  THE  UNITED  STATES  (1990),  Don  Kash’s 
PERPETUAL  INNOVATION  (1989),  Eleanor  Westne/s  IMITATION  AND 
INNOVATION  (1987),  Gene  Gregory’s  JAPANESE  ELECTRONICS  TECHNOLOGY 
(1985),  James  Abegglen  and  George  Stalk’s  KAISHA:  THE  JAPANESE  CORPORATION 
(1985),  Rosabeth  Ranter’s  THE  CHANGE  MASTERS  (1983),  Roben  Cole’s  WORK, 
MOBILITY,  AND  PARTICIPATION  (1979)  among  others.  At  the  risk  of  being  redundant 
about  presenting  some  of  the  issues  concerning  management  and  organizational  behavior 
as  they  relate  to  creativity  and  innovation,  I  would  like  to  summarize  the  major  issues  from 
one  of  two  interrelated  perspectives.  The  two  perspectives  are  structural  and  interactional. 
Since  I  will  be  exploring  the  Japanese  organizational  behavior  from  the  interactional 
perspective  in  this  presentation,  let  me  simply  state  what  it  means  by  the  structural 
perspective. 

A  human  society  has  five  major  institutions  for  its  survival  which  make  up  a  macro  level 
social  structure  of  the  society  -  economic,  political,  family,  educational,  and  religious.  And 
it  appears  that  all  human  societies  have  historically  dealt  with  these  institutions  collectively 
or  separately.  Certainly,  in  more  economically  advanced  nations  such  as  the  U.S.  and  Japan, 
these  institutions  are  distinctively  separated.  And  they  have  been  examined  and  analyzed 
both  independently  as  well  as  collectively  for  their  interrelatedness  in  various  desciplines, 
particularly  in  anthropology  and  sociology. 

I  use  the  structural  perspective  to  mean  that  all  these  institutions  will  make  up  the 
macro  strucmres  of  a  society  which  impinge  upon  human  behavior.  Or,  put  another  way,  the 
social  structures  delimit  as  well  as  expand  human  activities  in  that  society.  But  I  would  like 
to  emphasize  that  the  structure  puts  constraints  upon  human  activities,  although  I  must 
admit  that  I  could  not  imagine  what  unconstrained  human  activities  might  look  like.  Since 
we  feel  constrained  by  the  structures,  we  are  knowingly  or  unknowingly  negotiating  every 
day  with  and  within  these  institutions.  But  since  the  structures  of  the  society  are  built  on 
long  historical  currents,  we  seldom  objectify  them  in  order  to  transform  them.  Rather,  they 
have  become  the  environment  within  which  we  breath.  Of  course,  many  reforms  and  even 
revolutions  have  taken  place  which  changed  or  overhauled  existing  institutions  for 
ideological  and  practical  reasons.  But  on  the  whole  they  have  remained  stable. 

Now,  let  me  turn  to  my  use  of  the  interactional  perspective  before  I  attempt  to  discuss 
what  these  perspectives  have  to  do  with  cross-cultural  management  and  organizational 
behavior  The  interactional  perspective  means  simply  that  individual  humans  do  and  must 
interact  through  symbolic  communication  with  other  human  beings  if  they  are  to  exist  in  a 
social  organization.  It  involves  negotiation.  From  birth  on  we  are  taught  how  to  negotiate 
with  others,  either  positively  or  negatively  through  the  use  of  cues  and  guidelines  which  are 
provided  by  the  society  within  which  we  interact.  Because  of  this,  individual  perceptions  of 
reality  are  variable  and  constantly  changing.  I  would  like  to  emphasize  that  this 


interaction  puts  constraints  on  human  activity  t)ecause  it  involves  negotiation,  symbolic  or 
otherwise. 

The  reason  I  bring  up  this  perspective  is  because  we  have  a  tendency  to  reiy  more  on 
the  structural  perspective  when  attempting  to  understand  another  culture,  namely  the 
collective  behaviors  of  the  individuals  in  another  culture.  In  some  ways,  it  is  easier  and 
more  comforting  to  do  so  since  structures  are  seen  in  a  more  static  fashion,  thus  leading  to 
more  or  less  dichotomous  comparisons  of  American  and  Japanese  institutional 
arrangements.  For  example,  the  MITI’s  roles  in  directing  policies  regarding  high  tech  R&D 
and  in  orchestrating  coordination  of  its  policies  with  other  ministries  and  the  private  sector 
are  relatively  easily  understood.  However,  if  we  want  to  know  how  the  policies  are  made 
and  what  processes  are  used  to  implement  them,  we  must  e^lore  the  behaviors  of 
individuals.  But  there  are  a  variety  of  individuals  within  a  society  whose  interpretations  of 
that  culture,  and  of  other  cultures  for  that  matter,  are  vastly  different  depending  on  who 
they  are,  what  they  are,  and  where  they  stand  in  that  society. 

We  often  speak  of  cultural  differences  between  the  U.S.  and  Japan  when  we  conduct 
business,  although  I  must  admit  that  word,  "culture,"  often  becomes  a  whipping  board  when 
we  fail  to  understand  THEIR  behavior  as  opposed  to  OUR  behavior.  We  often  say  their 
values  are  different.  Robin  Williams,  an  American  sociologist,  has  stated  that  the  ten  most 
central  values  to  American  culture  are:  1)  Equal  opportunity,  2)  Achievement  and  success, 
3)  Activity  and  work,  4)  Material  comfort,  5)  Practicality  and  efficiency,  6)  Progress,  7) 
Science,  8)  Democracy,  9)  Individualism,  10)  Freedom.  And  I  suggest  to  you  that  all  these 
values  are  also  regarded  highly  among  the  Japanese.  Yet,  we  speak  of  value  differences. 
So,  from  the  interaction  perspective,  Japanese  and  Americans  communicate  symbolically  in 
English  in  most  cases  with  rather  limited  concepts  of  what  these  values  really  address.  The 
real  meaning  of  these  values  are  understood  only  within  the  strucmres  of  each  society. 
Certainly,  language  is  an  obstacle  in  communication.  But  it  is  only  one  obstacle. 
Democracy,  freedom,  individualism  may  mean  different  things  to  Americans  and  to 
Japanese.  Yet,  when  they  are  spoken  in  English,  or  translated  into  English,  the  word, 
d-e-m-o-c-r-a-c-y,  etc.  are  used  but  the  concepts  are  not  communicated  because  the 
interactional  constraints  under  which  these  values  are  behaviorally  expressed  are  not 
understood. 

So,  the  Japanese  and  the  Americans  negotiate  these  and  other  issues  symbolically  and 
often  end  up  more  than  frustrated  because  it  takes  too  much  energy  to  be  flexible  enough 
to  see  individual  behaviors  of  another  culture  from  their  perspeaive  even  though  we 
understand  the  structural  constraints  of  that  society. 

How  can  we  organize  varied  behaviors  among  individuals  and  make  them  culturally 
comparable?  What  follows  is  not  exhaustive  by  any  means.  But  it  is  an  attempt  to 
understand  culturally  sanctioned  normative  behaviors  of  individuals  in  the  Japanese  society. 

Several  years  ago  I  attended  an  international  scientific  meeting  in  Tokyo.  In  that 
meeting  I  witnessed  contrasting  behaviors  of  a  Japanese  and  an  American  scientist.  A 
young  American  researcher  rose  up  to  the  podium  with  full  confidence,  appeared  relaxed, 
and  introduced  his  paper  by  saying  that  his  was  a  bit  different  from  the  previous  one.  He 
continued  by  explaining  that  his  method  of  data  colleaion  was  more  elaborate  and  that  his 
experiment  was  more  tightly  controlled.  His  presentation  was  straightforward  and  direct, 
although  my  impression  was  that  his  findings  were  not  that  much  different  from  the  previous 
presentation.  A  not-so-young  Japanese  scientist’s  turn  came  up.  He  profusely  apologized 
for  his  poor  methodolog},  praised  the  previous  presenter  and  apologetically  concluded  his 
findings  which  were,  I  thought,  quite  different  from  the  previous  ones. 

Certainly,  one  can  dismiss  these  presentations  as  extreme  cases.  But  I  actually  thought 
both  did  a  good  job.  But  my  colleagues  sitting  next  to  me  did  not  think  so.  The  Japanese 
colleague  thought  the  presentation  by  the  young  American  scientist  too  self  aggrandized. 
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The  American  colleague  on  the  other  hand  thought  the  Japanese  presentation  was  weak  and 
did  not  understand  why  he  apologized. 

The  more  I  thought  about  the  inddent,  the  more  I  became  interested  in  the  underlying 
cultural  assumptions  between  the  two  sodeties  regarding  normative  behaviors  which  are 
generally  considered  acceptable  by  the  public.  What  are  those  underlying  cuiuiral 
assumptions? 

Views  toward  Outside  World 

Although  it  is  difficult  to  trace  the  origin,  historically  or  geographically,  the  Japanese 
tendency  is  to  view  the  outside  world  as  unfriendly,  if  not  hostile,  uncomfortable,  awesome. 
Americans  on  the  other  hand,  probably  for  historical  and  geographical  reasons,  view  the 
outside  world  as  curious,  worth  stepping  into  to  see  how  the  other  side  lives,  as  a  place  to 
be  explored,  or  even  conquered.  (One  such  contrasting  behavior  is  found  in  the  praaice  of 
child  disdpline  in  the  fan^y.  The  Japanese  parent  sodalizes  the  child  to  fear  the  outside 
world,  thus  threatening  to  throw  him  out  of  the  house  when  he  does  not  conform  to  the 
parenL  In  the  U.S.  the  practice  of  "grounding"  is  to  keep  the  child  in  his  room,  thus 
depriving  him  of  freedom  of  exploring  outside  world.)  Or,  put  another  way,  Japanese  tend 
to  focus  more  on  the  immediate  environment  in  which  they  find  themselves.  Both 
.^^ericans  and  Japanese  see  themselves  as  expandable  but  the  primary  direction  appears 
to  be  different  The  Japanese  seem  to  expand  inwardly  whereas  the  Americans  expand 
outwardly.  This  is  rather  a  bold  expression  for  the  two  cultures.  But  if  you  accept  this 
perspective  for  a  moment,  I  wotild  like  to  propose  that  the  Japanese  and  the  American 
^ews  of  people  around  them  are  different  Thus,  it  appears  that  Japanese  perceive 
individuals  around  them  in  three  categories:  the  inner,  outer,  and  in  between.  The  primary 
group  members  such  as  family,  close  Mends,  are  found  in  the  inner  world.  They  are 
extremely  informal,  tied  together  with  strong  emotionality.  Their  relationship  is  often 
characterized  as  the  "sweet"  dependency,  allowed  to  expre^  raw  emotions.  The  people  in 
the  outer  world  are  those  with  whom  ±e  Japanese  do  not  wish  to  deal,  if  possible.  The 
overwhelming  majority  of  Japanese  are  in  this  category  as  well  as  most  non>Japanese  from 
Che  view  of  the  particular  individual  Japanese.  Often,  Japanese  are  oblivious  to  people  in 
the  outer  worH  including  the  Japanese  in  iL  Thus,  from  the  American  perspective 
Japanese  behavior  in  public  often  appears  self-centered,  indifferent  to  people  around,  and 
even  rude  in  crowded  places  such  as  train  stations,  theaters,  department  stores  and  parks. 

What  is  interesting  and  complicated  is  the  world  in  between.  This  is  a  secondary  group 
of  people  who  are  related  because  they  happen  to  work  together,  go  to  school  together,  see 
tzch  other  legularly  at  sodal  clubs,  etc.  But  it  also  includes  business  clients  and  those  who 
orovide  services  such  as  doctors,  police,  and  neighborhood  merchants.  Interactionai  forms 
n  this  world  vary  tremendously  depending  on  where  the  interacting  individual  is  perceived 
;o  be  on  the  continuum  of  the  inner  world  to  the  outer  world.  But  there  is  a  common 
Jhread  binding  the  relationship  in  this  world.  That  is  the  formalized  responsibility  and 
obligation  exchanged  among  interacting  individuals.  What  are  the  criteria  for  this 
behavioral  interaction? 

3A 

Ba  translated  into  English  can  mean  several  different  things  -  frame,  location,  place, 
hrcumstance,  simation,  or  position.  Japanese  behavior  is  circumscribed  by  where  and  with 
vhom  the  interaction  tak«  place.  This  is  also  true  for  American  behavior.  But  the 
fapanese  exhibit  considerably  more  control,  thus  appearing  more  formalized  and  stylized. 
From  the  Japanese  behavioral  standpoint,  ba  also  involves  the  hierarchical  relations  of 
persons  who  happen  to  share  physically  the  same  situation.  Japanese  individuals  are 
lierarchically  ordered,  partly  because  of  their  social  status  and  partly  because  of  their 
brganizational  affiliation.  And  organizations  are  socially  rank  ordered  in  the  perception  of 
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the  interacting  Japanese  individuals.  An  individual  raayiDc  an  elertronics  engineer  from  a 
small  firm  who  is  as  successful  and  respectable  as  any  other  engineer  in  the  field,  but  his 
behavior  would  vary  depending  on  who  else  happened  to  share  the  physical  place  with  him 
If  engineers  from  larger  firms  are  present,  he  would  behave  in  certain  ways,  not  based  on 
his  personal  status,  but  based  on  his  perception  of  his  firm’s  status  in  Japanese  society. 

TATEMAE  and  HONNE 

Tatemae  may  be  translated  as  professed  intention  (as  opposed  to  real  intention), 
circumstantial  opinion,  agreed-upon-statement  (agreed  by  a  group  or  groups),  or  simply 
front.  Honne  may  be  interpreted  as  real  intention,  true  feeling,  and  rationally  derived 
opinion.  The  use  of  tatemae  and  honne  are  not  opposed  to  each  other  as  the  above  English 
translation  may  imply.  They  almost  always  compliment  each  other.  Often  Japanese  will  say 
things  which  are  not  what  they  really  mean,  particularly  in  formal  meetings.  But  the 
purpose  of  tatemae  is  not  to  deceive  or  to  lie.  It  is  neither  an  excuse  nor  insincerity. 
Indeed,  Japanese  will  speak  from  tatemae  because  they  want  to  be  sincere  in  the  sense  that 
they  do  not  wish  to  hurt  the  feelings  of  the  interacting  others.  Americans  exhibit  this  type 
of  behavior,  also,  but  with  the  Japanese  the  behavior  is  more  conscious  and  is  led  by  ba, 
soto,  and  uchl 

SOTO  and  UCHI 

This  pair  of  concepts  relates  to  the  previous  description  of  how  the  Japanese  perceive 
the  outside  world.  The  inner  world  is  uchi  and  the  outer  world  soto.  Or  put  in  other  terms, 
they  are  inside  and  outside,  respectively.  I  have  mentioned  that  the  world  between  the  inner 
and  the  outer  worlds  is  the  world  in  which  Japanese  work  life  is  observed.  I  also  mentioned 
that  this  particular  world  is  best  understood  in  terms  of  a  continuum  from  the  inner  world 
to  the  outer  world.  Japanese  use  uchi  and  soto  (and  persons  of  the  outside  are  called  tanin) 
often  depending  on  their  group  affiliation  and  their  emotional  attachment  to  the  groups. 
The  organization  one  works  for  is  uchi  in  relation  to  other  organizations  but  may  be 
characterized  as  soto  in  relation  to  his  or  her  family.  Within  the  organization  the 
department  one  works  in  is  referred  to  as  uchi  and  other  sections  may  be  soto.  A  subsidiary 
of  a  company  one  works  for  may  be  presented  as  an  uchi  company  to  his  or  her  clients  but 
a  soto  organization  in  relation  to  his  or  her  own  company.  TTie  university  or  the  research 
outfit  to  which  one  belongs  is  uchi  vis-a-vis  other  such  organizations. 

What  would  be  the  perception  of  Japanese  individuals  working  on  a  team  whose 
members  are  recruited  from  various  organizations?  If  they  have  another  team  to  refer  to, 
perhaps  to  compete  against,  the  team  may  become  uchi,  but  probably  never  more  uchi  than 
the  ones  from  which  the  team  members  originate.  One  condition  for  being  anuchi  member 
is  the  group  identification  based  on  some  type  of  emotional  attachment  to  the  group.  But 
this  is  a  partial  condition.  In  fact,  the  depth  of  emotionality  may  not  be  a  crucial  condition 
for  an  individual  to  feel  an  uchi  member  although  it  can  be  certainly  acquired  as  a  result 
of  intense  interaction  among  the  members  of  the  group.  A  more  plausible  interpretation 
for  identifying  uc/ji  or  soto  is  found  in  the  way  Japanese  define  the  interpersonal  relationship 
with  other  members  in  a  given  group  in  a  given  environment. 

In  the  organizational  context,  therefore,  the  sense  of  uchi  and  soto  consciousness  is 
heightened  or  lessened  depending  on  the  immediacy  of  the  interpersonal  relations  one  feels 
toward  others  through  obligations  and  responsibilities  even  though  one  may  not  feel  an 
emotional  attachment  to  the  organization.  The  more  obligated  and  responsible  one  feels 
toward  members  of  a  group  in  terms  of  task  accomplishment,  the  more  he  or  she  identifies 
the  group  as  uchi.  As  this  sense  of  obligation  and  responsibility  diminishes  toward  the 
members  of  the  group,  the  perception  of  the  group  as  uchi  will  fade  into  soto. 

What  about  the  group  of  participants  in  this  conference?  Do  the  concepts  of  ba, 
tatemae,  honne,  uchi,  and  soto  explain  behavior  of  the  Japanese?  The  Japanese  participants 
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in  the  conference  were  invited  from  various  organizations.  They  majrhave  seen  each  other 
in  the  past  and  might  have  heard  of  the  names  of  the  participants  through  scientific 
publications.  But  except  for  a  few  members  who  worked  in  the  same  outfits  most  of  them 
were  only  acquaintances  or  had  never  met  before.  Certainly,  there  were  varied  personalities 
and  individualities  among  them.  Yet,  their  behaviors  vis-a-vis  Americans  at  the  conference 
were  more  uniform,  more  controlled,  less  direct,  and  less  inquisitive.  While  the  American 
participants  more  or  less  freely  exchanged  opinions,  argued  and  confronted  each  other  on 
occasion,  the  Japanese  participants  did  not  vehemently  discuss,  nor  argue,  and  certainly  did 
not  confront  other  participants,  particularly  if  the  discussions  concerned  Japanese  issues. 

Ba  was  self  explanatory  at  the  conference.  The  Japanese  were  invited  guests.  Some  of 
them  had  been  students  of  the  conference  organizer.  It  was  only  appropriate  for  them  to 
behave  with  great  care  and  sensitivity  toward  the  American  participants.  Even  if  they  had 
had  strong  opinions,  they  had  to  control  their  expressions  given  what  they  perceived  to  be 
the  frame  of  the  conference,  the  positions  of  themselves,  and  the  environment  in  which  the 
conference  proceeded.  Honne  did  not  come  out,  because  it  was  inappropriate  given  the  ba. 
But  it  was  their  perception  of  the  udii-soto  framework  of  the  participants  that  controlled  the 
Japanese  behavior.  The  Japanese  participants  became  people  of  uchi  and  the  Americans 
those  of  sow.  Or,  at  least  the  former  became  more  uchi  than  the  latter.  Members  of  uchi 
will  consciously  present  what  appears  to  be  a  unified  front  (or  iatemae)  in  the  face  of  sow. 
If  some  individuals  of  uchi  disagree  among  themselves,  they  will  control  their  urge  to  make 
it  known  in  order  to  avoid  the  embarrassment  of  appearing  disorganized  in  the  view  of  sow 
members.  This  behavior  is  also  reinforced  by  the  desire  to  stay  in  uchi 

Views  toward  Uchi  and  Innovation 

Given  the  aforementioned  view  of  the  outer  world,  how  would  the  Japanese  view  the 
inner  world?  If  the  sow  is  perceived  as  unfriendly,  uncomfortable,  and  awesome,  a  place 
to  be  avoided,  then  the  uchi  world  becomes  one  of  primary  interest  concerning  both 
instrumental  and  expressive  endeavors.  Since  Japanese  perceive  uchi  and  sow  in  relation 
to  each  other,  a  plausible  way  to  comprehend  what  takes  place  in  uchi  is  to  see  sow  as 
consisting  of  various  reference  groups  against  which  uchi  measures  its  own  relative  worth. 
Two  motivations  appear  to  drive  activities  within  uchi  The  first  is  the  motivation  to 
enhance  one’s  own  group  status  vis-a-vis  that  of  sow  groups.  It  involves  a  symbolic  desire 
to  be  accepted  in  the  community  of  organizations  of  one’s  endeavor.  Organizations  are 
hierarchically  arranged,  and  interactions  among  them  are  controlled  by  ba  with  normativeiy 
desirable  behavior  of  honne  and  tatemae.  Thus,  when  an  organization  perceives  itself  to  be 
lower  in  the  hierarchy  in  the  community  of  the  organizations,  its  activities  will  focus  on 
emulating  the  activities  of  the  organizations  ranked  higher.  This  is  more  than  simply 
competition.  The  desire  to  compete  to  win  {honne)  is  only  a  partial  motivation;  winning  the 
acceptance  of  the  community  of  the  organizations  is  the  other  part. 

The  second  is  the  motivation  to  constantly  improve  the  organizational  alignment  of  uchi 
in  order  to  achieve  the  first  motivation.  It  involves  rather  disciplined  activities  in  terms  of 
examining,  experimenting,  modifying,  and  refining  the  organizational  arrangement  so  as  to 
effectively  manufacture  and  deliver  products  acceptable  in  the  community  of  the 
organizations.  It  appears  that  this  concentration  of  uchi  activities  is  the  impetus  for 
Japanese  style  innovation. 

The  inner  world  contains  two  seemingly  contradictory  characteristics.  One  is  the 
perceived  limitation  of  physical  space.  Physical  space  can  hold  only  so  much  unless  the 
objects  to  be  held  are  modified  and  refined  on  a  smaller  scale.  The  other  is  the  perceptual 
expansion  inward  through  simplicity  and  inconclusiveness.  Here  simplicity'  means  the  ability 
to  transform  complex  issues  into  a  simplified  form.  The  appreciation  of  simplicity  is  only 
possible  when  complexity  is  comprehended.  Inconclusiveness  suggests  that  the  inner  world 
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is  limitless.  Or  put  another  way,  anybody  can  fiOl  in  a  portion  of  that  inconciusiveness  to 
come  closer  to  completeness. 

The  above  two  characteristics  of  viewing  uchi  are  related  but  I  would  suggest  that  the 
first  is  the  domain  of  engineering  and  the  second  that  of  social  relations.  Modifying, 
reshaping,  and  refining  material  objects  or  human  organizations,  for  that  matter,  can  be 
accomplished  through  technical  capacity.  However,  technical  capacity  alone  will  not  achieve 
desired  outcomes  as  they  must  be  approved  and  accepted  by  the  community  of 
organizations.  If  the  domain  of  engineering  is  the  efficiency  of  task  accomplishment,  the 
domain  of  social  relations  is  the  effectiveness  of  ta«>lf  accomplishmenL  Neither  products  nor 
ideas  can  exist  in  a  vacuum.  They  must  be  shared  and  considered  by  humans.  Inward 
expansion  is  a  perpetual  process  of  feedback  activity.  And  the  larger  the  number  of  humans 
involved,  the  higher  the  degree  of  feedback  activity.  This  activity  is  labor  intensive.  And  the 
collective  aspect  of  Japanese  organizational  activity  by  design  promotes  a  high  degree  of 
feedback.  Thus,  innovations  are  ubiquitous  but  there  are  few  individual  innovators  in  Japan. 

It  is  often  implied  that  discovery  and  invention  are  the  objectives  of  scientific  endeavor 
and  that  emulation  and  refinement  are  the  objectives  engineering  prowess.  Japanese  are 
popularly  said  to  be  good  at  the  latter  but  weak  in  the  former,  but  if  we  are  to  understand 
the  Japanese-style  innovation,  the  Japanese  view  of  uchi  and  soto  might  hold  a  key. 
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APANESE  RURAL  HOUSEHOLD  ORGANIZATION  AND  PATTERNS 
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As  an  ecological  anthropologist,  the  particular  technical  innovations  that  interest  me  are 
lot  the  state-of-the-art  science  of  oxide  superconductivity  or  other  advanced  materials  but 
be  knowledge  and  practice  of  intensive  agricultural  techniques  by  smallholder  cultivators. 
Dsofar  as  a  farming  system,  like  a  modem  factory,  laboratory,  or  university  department,  is 
atimately  associated  with  a  particular  system  of  social  organization,  they  are  all  proper 
hjects  of  ethnographic  inquiry.  In  the  context  of  a  nation  like  Japan  that  was  for  centuries 
n  agrarian  civilization  built  on  peasant  wet-rice  cultivation,  it  is  also  legitimate  to  ask  just 
ow  much  the  structure  and  function  of  the  farm  household  have  been  significantly  earned 
ver  into  the  instimtions  of  the  industrial  state. 

The  fact  that  Japanese  agriculture,  like  that  of  China  and  other  Asian  peoples,  was 
istinctly  different  from  that  of  the  Euro-American  West,  is  often  ignored.  In  fact,  the 
daptation  to  scarce  land  resources  and  high  populatio  .  density  throughout  this  region  was 
ne  of  intensive,  permanent  agriculture  wi^  crop  production  that  was  relatively  high, 
eliable,  and  sustainable  (Bray  1976).  High  agricultural  production  per  hectare  was  achieved 
irgely  by  heavy  inputs  of  human  labor,  in  contrast  to  the  lower  land  productivity  and  very 
i^  output  per  worker  characteristic  of  large-scale,  mechanized  farming  in  the  U.S.  and 
Canada  (Figs.  1  and  2).  The  tools  of  intensive  cultivation,  such  as  hoes,  animal-drawn  plows, 
arden  tractors,  and  portable  water  pumps,  may  be  simple  and  relatively  cheap,  but  the 
schniques  and  accompanying  knowledge  are  often  ectremeiy  complex.  Traditional  Japanese 
inning  involved  transplanted  rice  grown  on  levelled,  diketi  and  often  terraced  fields,  vdth 
rigation  systems  of  fiams,  channels,  and  drainage  ditches  for  the  distribution  and  control 
f  water.  Practices  of  double-cropping,  manuring,  composting,  and  the  use  of  domestic 
'astes  insured  dependable  yields  and  restored  soil  nutrients.  In  addition  to  rice,  fanners 
rew  diverse  crops  of  vegetables,  sweet  potatoes,  fruit,  tobacco,  indigo,  and  mulberry  leaves 
)r  silk  worms  (Smith  1959),  serving  both  subsistence  and  cash  needs.  Domestic  livestock 
nd  the  aquaculture  of  fish  further  supplemented  household  production.  Similar  systems  of 
itensive  agrarian  production  by  smallholders  are  found  in  areas  of  high  population  density 
round  the  world  (Netting  1990). 

The  substantial  labor  costs  of  intensive  cultivation  are  borne  largely  by  members  of  the 
um  household.  Adult  men  and  women  in  Japan  worked  1800  to  2500  hours  per  year 
□ark  and  Haswell  1967),  in  contrast  to  the  600  to  800  hours  that  an  African  shifting 
iltivator  may  expend  annually  (Stone  et  al.  1990).  Moreover  the  tasks  of  farming  demand 
tilled,  dedicated  labor.  There  are  a  multitude  of  specialized  iobs  that  must  be  indepen- 
ently  scheduled  and  carried  out  responsibly.  Returns  to  labor  reflect  the  quality  as  well 
5  the  quantity  of  effort.  For  the  smallholder,  dedsion-maidng  is  a  daily  necessity.  Every 
irmer  may  make  somewhat  different  management  decisions,  depending  on  his  particular 
(sources  of  land,  livestock,  and  labor,  as  further  modified  by  weather  conditions, 
xjperation  with  neighbors,  and  market  prices. 

The  social  unit  of  production  most  frequently  found  with  intensive  agriculture  is  the 
nallholder  household  (Netting  1989).  It  is  not  the  feudal  manor  with  serfs,  the  slave 
iantation,  the  big  estate  with  wage  labor,  the  mechanized  agribusiness,  or  the  socialist 
)llective.  Such  a  household  is  based  on  family  members  (in  the  Japanese  case,  often  a 
em  family  of  two  married  couples  related  as  father  to  son),  who  share  a  residence  and 
3th  produce  and  consume  in  common.  Other  relatives,  servants,  and  dependents  may  also 
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be  members  of  the  household.  The  household  supplies  much  of  the  farm  labor  and 
manages  its  own  enterprise.  Household  members  have  continuing  rights  to  land,  equipment, 
and  buildings  either  as  full  owners  or  tenants  with  long-term  leases.  Children  or  other  heirs 
inherit  these  rights,  including  the  accumulated  investments  in  increased  production  that  the 
household  malce.s.  The  extra  work  and  long-term  care  and  diligence  that  increase 
production  bring  rewards,  at  least  in  part,  to  the  farm  family  household. 

Living  together  for  years,  sharing  farming  tasks  and  decisions,  training  new  members  in 
the  duties  appropriate  to  their  age  and  gender  position,  and  eating  &om  a  common  pot 
foster  interdependency  and  responsibility  in  household  members.  They  must  be  able  to 
work  independently  and  without  supervision  in  widely  separated  tasks,  as  well  as  cooperating 
efficiently  in  group  efforts  such  as  transplanting  rice  seedlings  or  harvesting  and  storing  the 
crop.  The  effectiveness  of  the  household  labor  unit  depends  on  attitudes  of  trust,  loyalty, 
and  life-rime  allegiance  that  are  not  usually  present  in  a  group  of  wage  workers  who  must 
be  recruited,  supervised,  and  paid  to  insure  acceptable  performance  on  the  job.  The 
incentives  for  household  members  are  also  of  a  different  kind.  They  are  directly  producing 
their  own  livelihood  on  the  farm,  and  even  though  their  inunediate  returns  on  labor  may  be 
low,  they  have  a  <*laim  on  valuable  property,  either  as  present  owners  or  eventual  heirs.  The 
farm  household  also  provides  long-term  security  in  the  form  of  care  during  childhood, 
sickness,  and  old  age.  There  is  no  other  insurance  for  most  peasants.  The  emotional 
rewards  of  love,  appreciation,  and  honor  for  the  individual  come  largely  from  within  the 
household  primary  kin  group.  Smallholder  families  are  by  no  means  necessarily  harmonious 
groups  of  equals.  Japanese  cultural  ideals  of  patriarchal  headship,  reverence  for  ancestors 
and  the  elderly,  parental  authority,  and  female  dependence  mean  that  there  will  be 
inequality  and  power  differentials  within  the  household.  But  the  interdependency  and 
diversity  of  farming  and  domestic  activities  and  the  importance  of  voluntary  cooperation 
mean  that  household  operations  require  a  high  degree  of  mumal  understanding,  discussion, 
and  concensus.  Though  members  are  ranked  by  age  and  gender,  the  assertion  of  authority 
or  dominance  should  not  interfere  with  individual  participation  or  responsibility. 

Rural  farm  family  households  are  obviously  part  of  larger  networks.  In  the  Japanese 
village,  households  cooperated  in  the  managing  of  common  property  resources  like  irrigation 
water,  forests  for  fuel  and  timber,  and  rou^  grazing  lands  in  the  hills  (McKean  1982).  The 
corporate  community  of  autonomous  households  also  had  to  allocate  such  resources  among 
its  members,  make  and  enforce  rules  for  their  use,  and  defend  the  resources  against 
incursions  by  outsiders.  Village  assemblies  of  household  heads  governed  the  commons  and 
guarded  against  overuse  and  environmental  degradation.  The  households  making  up  such 
a  body  were  not  equal  in  numbers,  wealth,  or  prestige,  and  their  relative  rankings  may  have 
changed  over  the  life  course,  but  their  long-range  economic  success  was  bound  up  with 
successfully  protecting  and  utilizing  common  resources.  They  also  had  to  have  effective 
mechanisms  for  resolving  conflia  among  their  constiment  member  households  without 
threatening  communal  unity.  Household  cooperation  and  adherence  to  village  norms  over 
the  long  term  could  not  be  coerced. 

What  could  be  farther  from  the  nual  household  in  its  rice  paddy  than  the  lab  of  a  giant 
corporation  or  a  scientific  instimte.  Isn’t  scientific  innovation  the  exact  opposite  of 
tra^tional  rural  conservatism  and  a  technology  based  on  manual  labor?  Right?  Wrong! 
I  have  always  thought  that  intensive  cultivation  might  be  a  nursery  for  certain  desirable 
virmes-long  disciplined  work  horns  in  the  field  may  be  the  groundwork  for  scholar's  burning 
the  midnight  oil  Postponement  of  gratification  can  lead  to  saving  and  investmenL  Inner 
directed  motivation  to  do  a  good  job  is  after  all  a  peasant  as  well  as  a  Protestant  ethic.  But, 
I  thought,  industry  must  have  its  own  overriding  organization,  necessarily  large-scale, 
hierarchical  (especially  management  and  labor),  and  with  an  assembly  line-like  breakdown 
into  specialized  tasks  and  roles.  Isn’t  there  an  overwhelming  logic  of  modem  mechanization 
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controlling  human  activity.  Imagine  my  amazement  to  discover  in  Cliie  Nakane’s  brilliant 
Japanese  Society  (1970)  that  the  farm  household  and  its  values  lives  on  as  the  model 
structure  in  the  firm,  the  lab,  and  the  department,  and  that  the  organization  is  fundamentally 
different  from  that  of  the  U.S.,  where  a  frontier,  an  abundance  of  natural  resources,  and  a 
shortage  of  labor  led  farming  and  household  organization  in  a  different  direction.  Nakane 
(1970:1)  contends  that  the  frame  (in  Japanese  ba\  the  institution  or  relationships  that  binds 
a  set  of  individuals  into  a  group,  is  of  primary  importance,  while  the  attributes  of  individuals 
are  a  secondary  matter. 

The  ie,  the  corporate  fiirm  family  household,  is  a  soda!  group  constructed  on  an 
established  frame  of  residence  and  management  organization  (Nakane  1970:5).  The 
vocabulary  of  terms  (what  Brian  Pfaffenberger  calls  the  "root  paradigm”)  for  organization 
and  relationship  comes  from  a  traditional,  rural  setting.  Like  the  household,  the  company 
or  corporate  enterprise,  provides  the  whole  sodal  existence  of  a  person  and  has  authority 
over  all  aspects  of  his  life;  he  is  deeply  emotionally  involved  in  the  assodation  (Nakane 
1970:3-4).  Relations  within  the  household  are  thought  of  as  more  important  than  all  other 
human  relationships,  induding  kin  who  have  married  out,  as  compared  to  servants  or  clerks 
who  have  become  household  members.  Households  maintain  considerable  independence. 
Siblings  in  separate  households  can  be  of  different  occupation,  status,  and  wealth. 

In  the  modern  business  firm,  as  in  the  household,  there  is  "a  personalized  relation  to 
a  corporate  group  based  on  work,  in  which  the  major  aspects  of  sodal  and  economic  life  are 
involved"  (Nakane  1970:7).  "A  company  is  conceived  as  an  ie,  ail  of  its  employees  qualifying 
as  members  of  the  household,  with  the  employer  at  its  head"  (Nakane  1970:7-8).  The  place 
of  work  is  like  a  village  community  in  which  the  sphere  of  living  is  concentrated.  Individual 
discussion  of  domestic  concerns  goes  on  in  the  company  context  Marriage  may  be 
preferentially  with  another  employee,  and  there  is  company  housing,  group  vacations,  and 
even  a  common  grave  in  some  firms  (Rohlen  1974).  The  corporation  is  also  charaaerized 
by  a  high  degree  of  doseness  among  its  workers  and  an  internal  law  or  code  of  conduct  that 
is  binding  on  them.  The  ideal  of  life-time  employment  reflects  an  obligation  by  the 
company  to  care  for  its  workers  and  a  commitment  by  the  workers  to  devote  their  entire 
careers  to  one  firm.  Companies  display  an  individuality  and  continuity  as  sodal  groups  in 
competition  with  one  another  like  autonomous  households  or  distina  villages. 

The  "household"  in  these  respects  is  more  than  an  analogy.  The  sodal  units  of  home 
and  firm  have  fundamental  similarities  based  on  the  indusiveness  of  the  group  and  its 
functional  salience.  Both  carry  on  a  variety  of  economic  and  sodal  activities,  and  they  share 
a  commitment  to  work,  corporate  unity,  and  mutual  support.  The  achievement  of  concensus 
is  a  significant  goal  The  loyalty  of  members  and  long  term  adherence  to  the  group  is 
expected.  In  both,  a  strict  division  of  labor  is  absent,  but  there  is  emotional  bonding  within 
and  considerable  competition  with  other  groups.  Household-type  groups  are  evidently 
extremely  effective  in  mobilizing  large  amounts  of  voluntary,  direaed  effort  toward  solving 
practical  problems.  In  technology  application,  such  groups  encourage  individuals  to  gain  and 
use  necessary  skills.  They  offer  incentives,  both  sodal  and  psychological,  for  quality  of 
performance  and  for  teamwork.  They  also  justify  the  sacrifice  of  individual  immediate  gain 
to  the  long  term  good  of  the  group.  Even  within  a  large  Japanese  corporation,  the 
functionaily  effective  work  group  is  small,  having  no  more  than  one  or  two  dozen  members 
in  direct  contact  with  the  leader.  Though  this  is  perhaps  larger  than  even  a  multiple  family 
farm  household,  the  personalistic,  face-to-face  nature  of  the  group  makes  for  comparable 
sodal  relationships. 

But  how  is  the  potential  contradiction  between  authority  and  individual  achievement, 
superior  competence,  and  ixmovation  resolved?  The  traditional  authority  of  the  household 
head  is  like  that  of  the  parent  {qya)  over  the  child  (ko).  This  is  the  basis  of  the 
oyabunfkobim  /andowner/tenant  or  master/disdple  relationships.  Subordinates  were 
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supposed  to  accept  unequivocally  the  opinion  of  the  head  (Nakane  1970:13).  But  given  the 
very  real  seniority  system  in  rural  Japan,  there  also  remained  the  possibility  of  life-time 
climbing  in  rank,  both  within  households  and  in  the  village  arena  of  status  and  influence. 
In  the  normal  life  course,  children  would  become  parents,  and  junior  couples  would 
graduate  to  the  senior  position.  Rankings  were  clear,  as  emphasized  by  the  rigid  seating 
plan  of  a  traditional  house,  but  they  had  little  to  do  with  merit  or  achievement  One  might 
imagine  that  the  power  of  a  leader  and  the  members’  fear  of  disrupting  the  harmony  and 
order  of  the  group  might  interfere  with  the  open  expression  of  opinion  in  a  vertically 
organized  Japanese  group. 

The  archetypal  American  success  stories  of  inventors  like  Thomas  Edison  or  industrial 
innovators  like  ^  Whimey  or  Henry  Ford  seem  to  deny  authority  or  group  control  in  favor 
of  unbridled  individualism  and  iconoclastic  personal  genius.  Our  culture  heroes  are  gifted 
leaders  who  bucked  established  order,  rose  from  humble  beginnings,  and  amassed  private 
wealth.  Japanese  leaders,  on  the  other  hand,  seem  to  have  risen  more  gradually  on  the 
basis  of  training  and  seniority.  They  are  said  not  to  be  generally  despotic,  and  the  authority 
of  their  positions  in  the  group  is  checked  by  emotional  sympathy,  paternalism,  and  the 
consensus  system  in  which  junior  members  of  the  group  lay  their  opinions  before  the 
supervisor.  Public  deference  is  balanced  with  greater  freedom  in  private,  like  that  between 
husband  and  wife  (Nakane  1970:68).  Subordi^te  status  is  therefore  not  intolerable.  The 
main  goal  of  leadership  is  to  mainraiTi  happy  and  productive  relationships  among  group 
members  whose  contributions  and  responsible  participation  must  be  recognized.  As  in  the 
farm  family  household,  clearly  defined,  ranked  positions  do  not  necessarily  reflect  in  practice 
a  rigid  structure  of  command  and  obedience  or  dominance  and  subordination. 

Even  in  traditional  Japanese  society,  socio-economic  strata  did  not  decisively  separate 
±e  interests  of  individuals.  The  feudal  lord  and  his  retainers  formed  a  single  household 
economy,  and  when  there  was  a  flood  or  poor  harvest,  the  leader  and  followers  shared  the 
hard  times  (Nakane  1970:70).  Within  the  rural  community,  there  were  no  gentry  or 
permanent  status  groups,  and  even  the  poorer  landless  segments  of  the  population  were  not 
permanently  confined  to  a  lower  class.  Contemporary  large-scale  groups  like  unions  or 
professional  associations  are  charaaeristically  divided  into  smaller,  more  personal  groups 
or  factions  called  mum  (village  communities).  The  name  reflects  the  desired  close-knit  ties 
within  an  enduring  social  and  economic  entity.  Such  personal  groups  within  large 
associations  are  equivalent  and  potentially  opposed  on  some  issues. 

Both  the  literature  and  the  tesfimony  of  our  symposium  participants  suggest  that  a 
Japanese  leader,  regardless  of  his  personal  brilliance  and  achievements,  does  not  generally 
administer  a  temporarily  constituted  research  group  in  pursuit  of  his  own  unique  vision  as 
in  the  West.  He  remains  subject  to  the  social  and  emotional  needs  of  the  group  members. 
Personal  relations  are  the  group’s  driving  force,  as  in  a  classic  Gemeinschaft  rather  than 
Gesellschaft  entity.  Nineteenth  century  social  scientists  agreed  that  the  Gemeinschaft  of  the 
peasant  household  and  community  had  been  lost  in  Europe  by  the  end  of  the  19th  century. 
Wouldn’t  Tdnnies  and  his  evolutionist  cohorts  be  amazed  to  6nd  the  distinctive  structure 
of  the  rural  Gemeinschaft  alive  and  well  in  the  organizational  structure  of  modem  Japanese 
high-tech  society!  In  a  culture  of  overt  formal  hierarchy  and  delicately  graded  rankings,  the 
groups  of  scientists  that  conduct  innovative  research  show  elements  of  an  organizational 
pattern  based  on  the  traditional  smallholder  farm  household  and  emphasizing  "basic  equality 
and  communal  rights"  (Nakane  1970:143). 
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JAPANESE  CULTURE  AND  INNOVATION 


Shin-Pei  Matsuda,  Hitachi  Research  Laboratory,  Hitachi,  Ibarald,  Japan 


When  eTamining  relationships  between  Japanese  culture  and  innovation,  it  is  helpful  to 
look  both  at  the  origin  of  Japanese  culture  and  also  at  the  employment  S)^tem  in  Japanese 
corporations. 

The  Origiii  Of  Japanese  Culture 

The  origin  of  Japanese  culture  may  be  described  in  relation  to  four  main  subheadings: 
genetic  heritage,  surroundings,  religion,  and  climate.  Japan’s  genetic  heritage  involves  its 
prehistoric  racial  experience  and  tradition  dating  back  to  20,000  years  B.C.  Japan’s 
surroundings  include  the  location  of  the  territory  and  the  influence  of  its  neighboring 
countries.  The  discussion  of  Japan’s  religions  concerns  Shinto  (Japan’s  native  religion)  and 
Buddhism  (a  foreign  religion  brought  in  around  500  AJD.).  Finally,  climate  is  unportant  in 
its  relation  to  sources  of  agricuitui^  production  and  life  style. 

Fundamental  to  the  upcoming  discussion  is  the  fact  that  the  culture  of  any  nation  depends 
strongly  on  the  religion  in  which  the  people  believe.  Japanese  culture  is  based  heavily  on 
Buddhism,  aod  the  fundamental  Buddhist  philosophy  influencing  Japanese  behavior  is  the 
"sharing  of  responsibility”. 

Genetic  Heritage 

The  origins  of  the  Japanese  people  arise  from  three  main  sources  which  will  be  referred 
to  here  as  the  Native  Japanese,  the  New  Japanese,  and  the  Immigrants  and  Refugees. 
Native  Japanese  populations  allude  to  hunting  and  collecting  groups  (called  Jomon>Jin) 
which  inhsJjited  Japan  between  4000-200  B.C  and  numbered  approximately  OJZ-0.5  million. 
The  second  source  of  people  were  the  New  Japanese  (Wa-Jin,  Yayoi-Jin).  These  groups 
mmft  over  as  immigrants  or  invaders  from  mainland  Asia  over  the  course  of  seven  centuries 
between  200  B.C  and  500  AID.  They  numbered  between  2  and  5  million  and  initiated  such 
important  activities  as  rice  farming  and  iron  production.  These  newcomers  conquered  the 
native  population  and  over  time  mixed  completely  with  them  The  third  source  included 
immigrants  and  refrtgees  from  Korea  who  arrived  between  500  and  700  A.D.  Historical 
events  of  import  at  t^  time  included  the  collapse  of  the  Three  Dynasty  Age  in  Korea,  the 
unification  of  the  Korean  peninsula  by  the  Shiragi  dynasty  (circa  660  AD.),  and  the 
unification  of  the  Japanese  Islands  by  the  Exnperor’s  family.  Nippon  in  the  seventh  century 
was  like  the  United  States  when  it  was  still  considered  the  "New  World".  Japanese  culture 
has  been  influenced  by  the  fact  that  the  Japanese  Islands  were  the  dead-end  of  the  Far  East 
and  have  been  the  fi^  homeland  for  refugees  from  Korea,  China  and  Manchuria.  Two 
other  points  relative  to  the  origin  of  Japanese  culture  are  of  note.  Buddhism  was  introduced 
to  Japan  through  the  Korean  kingdom  (Kudara-Klngdom)  around  500  AD.,  and  up  until 
600  AD.,  the  Japanese  still  shared  a  common  language  with  Korea. 

SurTomidings  of  Japan 

Japan’s  surroundings  have  influenced  its  culture  primarily  as  a  result  of  its  proximity  to 
China,  Japan’s  superpower  neighbor.  However,  any  influence  from  China  or  Korea  was 
tempered  by  the  body  of  water  which  separated  the  Japanese  Islands  from  the  mainland. 

The  general  policy  of  the  Japanese  ruling  power  from  600  AD.  to  16(X)  AD.  >vas 
two-fold:  1)  to  keep  up  with  at^^ced  Chinese  culture  and  technology,  and  2)  to  defend 
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its  territory  and  tradition.  The  Japanese  considered  China  to  be  both  a  father  and  teacher 
of  culture.  During  this  period,  many  aspects  of  Chinese  culture  were  introduced  in  Japan 
and  then  modified  and  refined  by  the  Japanese.  Thousands  of  students  were  sent  to  China 
to  learn  and  import  elements  of  Chinese  culture.  They  brought  back  with  them  knowledge 
of  many  cultural  traits  such  as  religion,  political  systems,  education,  characters  (i.e. 
language),  poetry,  painting*;,  and  chess.  Korea  was  considered  to  be  an  elder  brother  of 
JapaiL  Much  of  the  Chinese  influence  on  Japan  was  received  indirectly  through  Korea  (e.g. 
Buddhism). 

Religion 

Religion  in  Japan  also  emerges  from  varied  roots.  Originally,  there  were  the  traditional 
religions  of  the  hunting  and  collecting  peoples.  Later,  there  was  Shinto,  the  religion  of  the 
New  Japanese  (the  rice  farming  peoples).  Imbedded  in  Shinto  was  the  history  of  the 
Emperor's  family  and  the  worship  of  nature.  Still  later,  and  as  mentioned  above,  there  was 
Buddhism,  a  religion  of  foreign  origin,  but  one  which  was  considered  to  be  new,  fresh, 
sophisticated,  and  universal 

Buddhism  was  readily  accepted  by  the  Japanese  people  and  went  on  to  become  Japan’s 
largest  religion.  At  present,  approximately  80%  of  the  Japanese  population  consider 
themselves  Buddhists.  The  Buddhism  adopted  by  the  Japanese  was  based  on  several  major 
tenets.  The  first  is  that  everything  in  the  universe  has  life.  From  this  perspective,  human 
beings  are  considered  to  be  a  part  of  nature.  Furthermore,  every  living  thing  follows  a  path 
of  cyclical  existence,  and  all  are  interdependent  Finally,  there  is  a  natural  law  of  cause  and 
effect  In  this  sense,  a  man's  life  descends  from,  and  is  influenced  by,  all  of  his  ancestors’ 
doings. 

Out  of  Buddhism  also  came  a  fundamental  philosophy  of  group  action.  An  individual 
is  not  only  a  integral  pan  of  his  own  environment  but  of  the  environments  of  all  others  as 
well  From  this  emerges  the  essential  philosophy  ot  shared  responsibility.  All  group 
members  are  responsible  for  all  of  the  group's  actions.  Certain  behavior  patterns  arise  as 
a  result  Among  these  is  a  permissiveness  toward  other's  failures,  a  stress  on  group 
harmony,  a  preference  for  shared  common  feelings,  and  ultimately,  a  strong  loyalty  to  the 
group  (e.g.  loyalty  to  one’s  company). 

Climate  of  Japan 

The  final  subheading  of  import  to  the  origin  of  Japanese  culture  is  Japan's  environment. 
This  provides  context  for  the  development  of  culture.  The  climate  of  Japan  is  moderately 
warm  with  lots  of  rain,  and  Japan  is  located  far  enough  north  that  it  experiences  four 
seasons.  Food  production  arises  primarily  from  rice  farming,  fish,  and  other  sea  foods. 

The  Employment  System  in  Japanese  Corporations 

The  company  has  multiple  meanings  in  Japanese  culture.  It  serves  as  a  place  to  make 
money,  a  place  to  show  one's  abilities,  and  a  place  to  participate  in  human  activities.  The 
meaning  will  ultimately  depend  on  the  stage  of  development  of  the  standard  of  living. 

The  employment  system  in  the  Japanese  corporation  is  based  primarily  on  lifetime 
empioymem.  In  this  system,  salaries  increase  with  the  length  of  employment  as  do 
retirement  pay  and  promotions.  The  company  is  "owned”  by  all  employees,  both  manage¬ 
ment  and  labor.  Managing  officers  are  evaluated  by  the  corporate  society,  not  by  the 
stockholders.  LayoSs  are  accepted  only  if  the  company  goes  bankrupt.  In  short,  the 
Japanese  employment  system  of  permanent  employment  insures  the  stability  of  life. 

The  evaluation  of  a^evement  and  ability  is  performed  by  an  employee’s  senior  officer. 
A  worker's  reputation  outside  the  company  (i.e.  among  his  peers)  is  secondary.  Hence,  it 
is  the  vertical  relationship  that  exists  between  workers  in  a  group  which  is  of  primary 
importance. 
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Embedded  in  this  lifetime  employment  system  are  inherent  disadvantages  to  changing 
places  of  employment.  When  an  employee  leaves  one  company  for  another,  he  loses  the 
human  connections  and  relations  previously  established  in  the  fint  company.  It  takes  time 
to  become  accepted  as  a  member  of  a  new  group  and  to  adapt  oneself  to  a  new  company’s 
culture.  Also  lost  are  one’s  reputation  and  achievements  accumulated  over  time  in  the 
former  company.  Finally,  one  must  be  willing  to  accept  negative  impacts  on  salary, 
retirement  pay,  and  rank. 

EMPLOYMENT  SYSTEM  IN  JAPANESE  CORPORATION 

Company  means  : 

(D  Place  to  make  money 

0  Place  to  show  one's  ability 

0  Place  to  participate  in  human  activities 

The  meaning  depends  on  the  development  stage  of  the 
standard  of  living. 


EMF»LOYMENT  SYSTEM  (Principally  Life  Employment) 

•  Irtsure  the  stability  of  life 

•  Salary  increases  with  the  period  of  employment. 

(Retirement  Pay,  Promotion) 

•  Company  is  owned  by  all  employees,  manager  or  laborer. 

•  Managing  officers  are  evaluated  by  the  society,  not  by 
the  stock  holders. 

(Layoff  is  accepted  only  if  the  company  goes  bankrapt. ) 


DISADVANTAGE  OF  CHANGING  COMPANY 

•  Lose  human  connection  arxj  relation 

•  Takes  time  to  become  a  member  of  a  new  group 

(company's  culture) 

•  Lose  reputation  and  achievements  in  former  company 

•  Salary.  Retirement  Pay,  Position  etc 


EVALUATION  OF  ACHIEVEMENT  AND  ABIUTY 

•  Achievemertts  are  evaluated  by  his  senior  officer. 

•  Reputation  outside  corporation  is  secondary. 

(among  peers) 

•  Promotion  depends  on  his  senior  officer. 

•  Vertical  relationship  is  more  important. 


JAPANESE  CULTURE  &  INNOVATION 


ORIGIN  OF  JAPANESE  CULTURE 


1 1^  ncHi  1  A^c 

KTSiiistwric  r%owiai 

Tradition  (  Language  )  20.000B.C.  - 

(2) 

OUKKwUlNUI 

— —  Luv^uon  or  i  erniory 

Influence  from  Neighboring  Countries 

(3) 

KcLJv9l^N 

— — —  oniiiLD  religion j 

Buddism  (Foreign  religion,  500A.D. -) 

l&JAXC 

ULiMA  1  C 

**  OOwTwS  OT  r^iOiJUWLlOl  1  IWUI  LUrC/ 

Life  style 

Culture  of  any  nation  depends  strongly  on  the  religion  which 
peoples  believe.  Japanese  culture  is  based  on  Buddism. 
Fundamental  philosophy  derived  from  Buddism  on  Japanese 
behavior  is  “SHARE  OF  RESPONSIBIUTY”. 


(1)  GENETIC  HERITAGE  (ORIGIN  OF  JAPANESE  PEOPLE) 


(D  Native  Japanese  (Jomon-JIn)  40(X)  BC  -  200  BC 

Hunting  &  Collecting  Population  0. 2*^0. 5  Million 

(2)  New  Japanese  (Wa-Jin,  Yayoi-Jin)  Immigration  or  Invasion 

200  BC  ~  500  AD 

Rice  Farming,  Iron  Production  Population  2  ~  5  Million 
Conquer  and  mixing  of  two  peoples. 

(3)  Immigrants  and  Refugees  from  Korea  500  AD  -  700  AD 

Collapse  of  Three  Dynasty  Age  in  Korea. 

Unification  of  Korean  Peninsula  by  Shiragi-Dynasty  -660AD 
Unification  of  Japan  Islands  by  Emperor'  Family. 


O  Nippon  in  7th  century  was  like  a  USA  (New  World). 

•  Japanese  could  communicate  with  Korean  without  an  inter¬ 
preter  before  6(X}AO. 

•  Buddism  was  introduced  to  Japan  through  Korean  Kingdom 
(Kudara-Kingdom)  (-500AO). 

•  Japanese  islands  were  the  dead-end  of  Far  East  and  final 
homeland  for  refugees  from  Korea,  China  and  Manchuria. 

(Coalition  Government) 


(2)  SURROUNDINGS  OF  JAPAN 


(D  Located  near  China  (Super  Power) 

(2)  Islands  are  separated  by  sea  from  China  and  Korea. 

(3)  Far  East  (Dead-end  of  Asia) 


Policy  of  Japanese  Ruling  Power 

(600  AO  -  1600  AD) 

•  Keep  up 

•  Defend 

with  Advanced  (Chinese  Culture  &  Technology 

Territory  and  Tradition 

Thousands  of  students  were  sent  to  China  to  learn  and 

import  Chinese  cultures. - Political  System.  Education, 

Poem.  Characters.  Paintings,  Chess.  Religion  etc. 


Chinese  cultures  were  introduced  and  modified  and  refined 
in  Japan. 


O  China  is  a  father  and  teacher  of  culture. 

O  Korea  is  an  elder  brother  of  culture. 
(Korea  gets  direct  influence  from  C^iina. 
Japan  gets  indirect  influeixre. ) 


(3)  REUGION 

(D  Religion  of  Native  Japanese  (Hunting  &  (Collecting  Peoples) 

Q  Religion  of  New  Japanese  (Rice  Farming  Peoples) 

Shinto~~^  History  of  Emperor’s  Family 
Worship  of  Nature 
(2)  Foreign  Religion  »  Buddism 

(New,  Fresh,  Universai.  Sophisticated  etc) 


Buddism  was  accepted  by  Japanese  and  became  the  largest 
religion  (80%  at  present). 


Buddism 


0  Everything  in  universe  has  life. 

Human  being  is  a  part  of  Nature. 

(0  All  Livings  cycles. 

A  Living  depends  on  other  Livings. 

(3)  The  Law  of  (Cause  and  Effect 

A  man’s  life  is  desceixled  from  all  ancestors'  doing. 


Fundamental  Philosophy  of  Group  Action 

•  A  man 
A  man 

is  an  environment  of  others, 
is  an  environment  of  himself. 

SHARE  OF  RESPONSIBIUTY 

•  A  member  of  a  group  is  partly  responsible  for  everything 

done  by  any  member. 

BEHAVIOUR 


O  Permissive  to  other's  failure 
O  Harmony  in  group 
O  Prefer  to  have  common  feeling 
O  Royalty  to  company 


(4)  CUMATE  OF  JAPAN 

©  Moderately  warm.  Lots  of  rain 
©  Rice  Farming,  Rshes  and  Foods  from  Sea 
©  Four  Seasons 

^  Sound  of  worm  O  Voice  of  worm 
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HIGH  TEMPERATURE  OXIDE  SUPERCONDUCTORS 


High  temperature  oxide  superconductors  are  a  new  class  of  materials  discovered  in  1986 
They  are  the  subject  of  intense  international  research  efforts  and  included  here  for  discussion 
because  they  represent  the  earliest  stage  of  innovation,  that  is  research  and  discovery.  We  are 
at  the  starting  point  of  an  advanced  materials  development  about  which  much  optimism  exists 
for  important  commercial  developments,  but  as  of  now,  there  is  no  significant  commercial 
production  of  these  materials.  TTie  level  of  anticipation  within  the  scientific  community  was 
made  evident  in  March  1987  when  a  high  temperature  superconductivity  symposium  at  the 
American  Physical  Society  meeting  was  attended  by  more  than  a  thousand  physicists  who 
extended  the  discussions  long  into  the  night  in  what  has  sometimes  been  called  the  Woodstock 
of  Solid  State  Physics.  In  July  1987,  more  than  a  thousand  people  convened  at  a  federal 
conference  on  superconductivity  at  which  President  Reagan  presented  an  11-point  agenda  to 
promote  cooperative  research,  to  transfer  scientific  developments  more  rapidly  into 
commercial  products  and  to  protect  the  intellectual  property  rights  of  scientists  involved  in 
superconductivity  research.  In  1987,  hundreds  of  research  groups  worldwide  began  a  search 
for  new  materials  and  there  was  tremendous  excitement.  Resources,  prestige  and  public 
interest  all  combined  to  generate  a  vigorous  and  competitive  search  for  new  discoveries. 
Newspaper  and  television  reports  have  imagined  breakthroughs  in  cheaper  and  more  effective 
power  transmission,  magnetic  levitation,  ultra  fast  computers  and  medi<^  imaging.  We  are  led 
to  believe  that  a  new  era  of  technology  is  approaching. 

In  normal  metal  conduaors,  the  flow  of  electricity  occurs  by  the  motion  of  electrons  within 
the  metal.  There  are  frequent  collisions  with  the  lattice  such  that  electrons  are  scattered  and 
require  a  constant  source  of  energy  to  maintain  a  flow  of  current  in  the  face  of  this  resistance. 
In  April  1911,  Heike  Kammerlingh  Onnes  was  studying  the  resistance  of  mercury  at  liquid 
helium  temperatures  and  was  surprised  to  discover  that  its  electrical  resistance  vanished  at  a 
temperature  of  about  42*  kelvin.  Within  a  year,  he  had  found  that  tin  became  a 
superconductor  at  3.7 'K  and  lead  became  superconducting  at  temperatures  below  7.2 ’K. 
These  temperatures  are  referred  to  as  the  critical  temperature  for  superconductivity.  Onnes 
and  his  research  group  also  discovered  that  the  presence  of  a  magnetic  field  decreases  the 
transition  temperature.  Electrical  currents  generate  magnetic  fields  so  that  an  increased 
electrical  current  also  lowers  the  transition  temperature.  It  turns  out  that  there  is  a  maximum 
critical  current  for  superconductivity  and  a  maximum  critical  magnetic  field.  These  define  a 
critical  temperature— magnetic  field— electrical  current  surface  within  which  a  material  is 
supercondurting  as  shown  in  Fig.  1.  The  critical  current  and  critical  field  for  mercury,  tin  and 
lead  are  too  small  for  any  praaical  applications. 

Onnes  received  a  Nobel  prize  for  his  discovery  of  superconductivity  and  it  remained  a 
phenomenon  of  interest  to  solid  state  physics  that  seemed  to  have  no  commercial  potential. 
After  World  War  II,  interest  increased  with  the  discovery  of  more  than  a  thousand  new 
superconducting  materials,  most  of  which  were  inter-metallic  compounds  or  alloys  rather  than 
pure  elements.  Some  of  these  had  higher  transition  temperatures  and  many  were  found  to 
have  high  critical  field  and  critical  current  values.  In  the  1960’s  inter-metallic  compounds  such 
as  niobium  tin  and  niobium  gallium  were  discovered.  By  1973  a  transition  temperature  of 
23.2 ’K  was  found  for  niobium  germanium. 
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Fig.  1.  Critical  surface  of  a  snperductor  in  temperature  (T)— magnetic  Odd  (H)-~current  density  (J)  space,  for 
points  below  the  surface,  the  material  is  superconducting 


Development  of  practical  applications  of  high  fuel  superconducton  required  more  than  a 
decade  of  metallurgical  research  and  development  in  order  to  obtain  practical  materials.  At 
present,  superconducting  niobium  titanium  alloys  and  niobium  tin  are  available  as 
multifilament  conductors  in  a  number  of  configurations.  One  application  is  for  nuclear 
magnetic  resonance  medical  imaging  for  which  the  high  cost  of  liquid  helium  refrigeration  can 
be  accepted.  This  technology  requires  a  stroi^  and  very  uniform  magnetic  field  with  a 
solenoid  surrounding  the  patient  In  the  magnetic  field  which  is  established,  atomic  nuclei  act 
like  tiny  magnets  and  respond  to  radio  frequencies  which  allow  the  mapping  and  imaging  of 
the  body's  chemical  composition.  Another  important  application  of  the  development  of  very 
high  magnetic  fields  has  been  superconducting  particle  detector  magnets  and  beam  guiding 
magnets  for  high  energy  physics  research.  Because  of  the  high  magnetic  flux  densities  which 
can  be  achieved  with  superconducting  magnets,  smaller  magnets  are  possible  with  very  large 
savings  in  the  electricd  energy  required.  The  superconducting  super  collider  projea 
scheduled  for  construction  in  Texas  would  be  impossible  without  the  use  of  high  power 
superconducting  magnets.  These  magnets  will  account  for  about  one  billion  dollars  of  the 
total  ten  billion  dollar  cost  of  the  SSC 

A  number  of  other  potentially  exciting  applications  for  superconducting  magnets  have  been 
proposed.  These  indude  magnedc  separation  and  filtration  devices  which  might  be  applied 
to  mineral  purification,  water  purification  and  desulfiuization  of  coal.  There  has  been 
continued  interest  in  magnetically  levitated  railway  systems.  In  Japan  the  Japanese  National 
Railway  has  constructed  a  test-track  7  kilometers  long  on  which  test  vehicles  have  been 
successfully  operated.  Superconducting  power  station  turbogenerators  have  been  proposed 
which  would  take  advantage  of  the  high  magnetic  flux  density  which  can  be  achieved  with 
superconductors.  High  power  transmission  systems  using  superconductors  have  been  proposed 
as  well  as  magnetic  systems  for  fusion  reactors  and  for  energy  storage  systems  which  would 
efiBdently  provide  a  way  of  load  balancing  for  electrical  generating  systems.  None  of  these 
applications  has  proved  practical,  in  part  because  of  the  high  cost  of  helium  refrigeration 
required  by  the  low  criti^  temperature  of  available  materials. 

There  are  also  a  number  of  potential  applications  for  superconductors  in  the  form  of  thin 
films  for  electronic  devices.  During  the  1960’s  the  Josephson  effect  was  discovered  in  which 
a  superconductor-insulator-superconductor  configuration  could  be  used  for  ultra  fast  low 
power  switching.  This  made  conceivable  a  new  dass  of  high  performance  computers.  In 
addition  to  active  Josephson  junction  elements,  a  complete  technology  would  require  a  host 
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of  passive  circuit  elements  including  insulators,  capacitors,  resistors  and  so  forth.  As  a  result, 
this  development  is  a  very  difficult  technological  challenge.  Efforts  in  this  direction  in  the 
United  States  were  pretty  much  abandoned  in  the  face  of  rapidly  improving  competitive 
semiconductor  technology;  research  continued  in  Japan.  A  variety  of  other  applications  such 
as  delay-line  signal  processors,  microwave  circuit  filters,  high  frequency  antennas,  high 
efficiency  wave  guides  and  microwave  resonators  seem  more  likely  applications. 

The  large  majority  of  oxide  compoimds  are  insulators  but  substantial  group  are  semiconduc¬ 
tors  and  a  somewhat  smaller  group  have  long  been  known  to  be  metixlic  conductors. 
Understanding  the  crystal  structures  responsible  for  this  kind  of  conductivity  has  occupied  a 
number  of  researchers  and  it  seems  reasonable  that  the  search  for  new  superconducting 
materials  should  embrace  these  compounds.  Beginning  in  1964,  with  the  discovery  that 
titanium  oxide  and  the  niobium  oxide  are  superconductors  a  number  of  superconducting  oxide 
materials  have  been  discovered  as  illustrated  in  Table  1.  None  had  very  high  critical  temper- 

Table  I.  Superconducting  oxides  known  prior  to  1986. 

Compound _ T,  Discovery _ 


TiO,NbO 

-1  K 

’64 

-  J.K-  Hulm  et  aL 

SrTiOa., 

-0.7  K 

’64 

-  JJ.  Schooley  et  al. 

A,W03 

-7K 

’64 

-  Ch.  J.  Raub  et  aL 

A,T03  (T  =  Mo,  Re) 

-4  K 

’69 

-  A-W.  Sleight  et  aL 

AgAX 

-1  K 

’66 

-  M.B.  Robin  et  aL 

-14  K 

73 

-  D.C  Johnston  et  al. 

Ba(Pbi..Bg3 

-14  K 

75 

-  A.W.  Sleight  et  aL 

From  the  1989  JTEC  Panel  Report  on  High  Temperature  Superconductivity  in  Japan,  M.S. 
Dresselhaus,  et  aL  National  Technical  Information  Services,  U.S.  Dept  of  Gmunerce. 


tures  but  barium  bismuth  lead  oxide  had  a  low  carrier  density  and  consequently  was  of 
considerable  research  interest  Barium  lanthanum  copper  oxide  was  known  to  be  a  metallic 
conductor  and  in  early  1986,  Johannas  G.  Bednorz  and  Karl  A.  Muller  discovered  that  it  was 
a  superconducting  oxide  with  a  transition  temperature  of  about  35  •  K,  almost  twice  the  value 
that  had  seemed  to  be  an  asymptotic  limit  for  superconductivity.  Their  discovery  was 
published  in  ZeUschrift  fur  Physic  in  September  1986.  The  publication  itself  and  its 
dissemination  did  not  excite  an  enormous  amount  of  interest  but  at  the  University  of  Tokyo 
a  superconductivity  research  effort  under  the  direction  of  S.  Tanaka  included  studies  of  oxide 
superconductors  led  by  Koichi  Kitazawa.  In  that  laboratory  the  superconducting  phase  was 
identified  as  having  the  K2NiF4  structure  and  a  substantial  Meissner  signal  confirmed  that  the 
superconducting  state  had  been  reached.  Kitazawa  attended  a  meeting  of  the  Material 
Research  Society  at  Boston  in  December  and  in  a  hastily  scheduled  presentation  publicly 
confirmed  the  Bednorz-Miiller  discovery. 

Kitazawa’s  confirmation  of  the  superconductivity  in  Ba,4-32.*Cu04  determination  of  the 
structure  transformed  the  research  accomplishment  of  Bednorz  and  Muller  into  a  research 
innovation  widely  recognized  as  having  a  short  time  potential  for  scientific  discovery  and  a 
longer  term  potential  for  technological  applications.  The  potential  for  scientific  recognition 
was  realized  when  Muller  and  Bednorz  received  the  1989  Nobel  prize  in  physics.  There  was 
a  race  on  to  discover  analogous  compositions  to  the  barium  lanthanum  copper  oxide. 
Kitazawa  had  informed  Paul  C.  W.  Chu  of  the  University  of  Houston  about  the  composition 
and  structure  of  this  material.  Chu  telephoned  a  former  student,  Mau  Khuen  Wu,  at  the 
University  of  Alabama  who  began  an  empirical  search  for  analogous  compounds.  Chu  held 
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a  press  conference  on  February  16  announcing  a  new  material  which  was  a  superconductor 
having  a  critical  temperarore  ai)ove  90 'K.  On  February  21,  S.  Hikami,  at  the  University  of 
Tokyo  announced  the  discovery  of  a  similar  material  On  February  25,  Professor  Z.X.  Zhao 
of  the  Peking  Instimte  of  Physics  described  that  yttrium  barium  copper  oxide  was  a  liquid 
nitrogen  temperature  superconduaor  and  the  People’s  Daily  of  China  reported  it  on  February 
27.  By  March  2,  when  ciu  had  annotmced  the  composition  of  his  material,  it  was  clear  that 
there  had  been  the  simultaneous  discovery  of  this  liquid  nitrogen  temperature  superconductor 
by  independent  groups  in  China,  Japan  and  the  United  States.  These  discoveries  turned  up 
the  heat  for  many  research  programs  and  the  pubic  interest  because  they  evoked  the 
anticipation  that  superconducting  devices  could  be  designed  which  would  operate  at  liquid 
nitrogen  temperatures  which  would  substantially  decrease  the  costs  of  re^geration.  In 
addition  the  rapid  increase  from  a  critical  temperature  of  23  *  K  to  35  *  K  to  95  *  K  led  to  the 
anticipation  that  still  higher  critical  temperatures  would  be  reached,  perhaps  even  a 
superconducting  material  at  room  temperature. 

H.  Maeda  of  the  National  Research  Institute  for  Metal*;  (NIRM)  at  Tsukuba,  Japan,  foimd 
that  ±e  compound  Bi2Sr2Ca^iCu^02a.,.4  was  a  high  T^  superconductor  (Tc-llO’K).  Soon 
thereafter,  Z.Z.  Sheng  and  >UM.  Herman  in  the  United  States  and  Kondah  in  Japan  found 
superconductivity  in  the  system  TlBa2Cafl.iCu„02a.,.3  (T^- 125  *  K).  A  number  of  other  cuprate 
superconductors  have  been  discovered,  in  analog'  with  Ba(Bi,Pb)03,  RJ.  Cava  et  ai  found 
Bai.,fK^i03  with  a  critical  temperature  of  about  40 ‘K.  Most  oxide  superconductors  are 
electron  deficient  and,  prior  to  1989,  theories  were  being  developed  on  the  assumption  that 
superconductivity  in  these  materials  resulted  from  holes  moving  through  CuOj  planes  in  the 
crystal  smtctures.  Then  in  1989,  Y.  Tokura,  H.  Takagi  and  S.  Uchida  in  Japan  found 
iNd2.,Ce,Cu04^  to  be  an  electron  doped  conductor,  creating  chaos  with  emerging  theories; 
Tokura’s  group  and  other  groups  in  the  United  States  have  fotmd  other  related  compositions. 
Table  II  shows  the  host  of  new  superconducting  oxides  that  have  been  discovered  subsequent 
to  1986. 


Table  IL  Superconducting  oxides  discovered  after  1986. 


Compound 

Tc 

1  La7_x.Mx)Cu04; 

M  =  Ba 

-  30  K 

.M  =  Sr 

~  40  K 

—  40  K 

M  =  Ca 

-  20  K 

\'3a2Cu307 

95  K 

LnBa7Cu30T 

~  95  K 

(La2_,Na,)Cu04 

~  20  K 

Bi^SrjCuOe 

-  22  K 

Bi3Sr2CaT,_iCu„07^ 

-  110  K 

Tlj  B  a7  Ca,t  _  i  C  u^  0  7n^4 

-  125  K 

i  3ai_,K,)Bi03 

-  30  K 

Nd7-*4.yCe,SryCu04 

-  20  K 

RBa7Cu408 

-  SO  K 

Pb7Sr2(  Ca,  R)Cu308.y 

-  77  K 

(Ln7_,Cex)Cu04 

-  25  K 

(Ln7_,Th,)Cu04 

-  20  K 

Ln7Cu04_,_yFx 

-  25  K 

Nd7_,4.yCe,BayCu30io-t 

~  30  K 

Discovery 


’36  J.  G.  Bednorz  K.  Muller 
’36  K.  Kishio  et  al 
’87  R.  J.  Cava  et  al. 

’87  K.  Kishio  et  al. 

’37  M.  K.  Wu  et  al. 

’37  Various  laboratories 
'37  J.  T.  Markert  et  as. 

'37  C.  Michei  et  ai. 

’38  H.  Maeda  et  ai. 

’38  Z.  Z.  Sheng  M.  Herman 
'38  R.  J.  Cava  et  ai. 

’39  J.  Akimitsu  et  al. 

’88  D.  E.  Morris  et  al. 

'38  R.  J.  Cava  et  ai. 

'39  Y.  Tokura  et  al. 

'39  J.  T.  Markert  ^  M.  B.  Maple 
’89  .A.  C.  W.  P.  James  et  al. 

’89  H.  Sawa  et  al. 
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Eveiy  scientist  who  has  conducted  and  published  research  Icnows  very  well  that  the 
rationally  organized  published  presentation  has  little  to  do  'vith  the  halting  missteps  and 
confused  understandings  that  actually  occurred  in  the  laboratory  and  mind  of  the  researcher 
as  the  work  progressed  Rustum  Roy,  an  outstant^g  material  scientist  and  a  leader  in  the 
Science-Technology-Society  Movement  has  provided  the  following  interpretation  of  the 
history  of  the  search  for  high  Tj  superconducting  oxides: 


THE  PAST  AND  FUTURE  IN  HIGH  Tc  SUPERCONDUCTORS 
THE  METAPHOR  OF  PROGRESS 


Rustum  Roy,  The  Pennsylvania  State  University 


Introduction 

The  viewpoint  expressed  below  has  two  major  biases.  First  I  was  very  well  informed  on  the 
subject  as  head  of  the  only  university  group  in  the  U.S.  that  had  published  on  (high  T^. 
perovskate)  oxide  superconductors  before  1986.  Second,  I  am  noi  involved  in  the  present  high 
Tj  research.  However,  because  we  were  so  distressed  by  the  gross  inaccuracies  appearing  in 
the  scientific  and  public  press.  Professor  A.S.  BhaUa  and  I  have  created  an  archiv^  record  of 
the  pubUdy  available  information  on  the  high  T^  discovery.  In  addidon,  under  the  auspices 
of  the  Materials  Research  Society,  I  created  a  "video  history"  taped  record  of  interviews  with 
the  eight  major  research  groups  involved  in  the  discovery  of  the  90K  material.  This  video 
history  forced  Science  magazine  to,  finally,  present  a  radic^y  revised  history  of  the  discovery 
(Ref.  1)  showing  unequivocally  that  J.W.  Ashbum  and  his  professor,  M.K.  Wu,  at  the 
University  of  Alabama  made  the  first  YBaCu  materials  in  the  U.S.  although,  there  is  no  doubt 
whatsoever  that  the  first  public  announcement  of  the  YBaCu  was  by  Zhao  in  Peking  on 
February  19,  1987— a  fact  known  to  and  consistently  ignored  by  all  scientists  in  the  U.S.  and 
Japan.  In  the  following  figure  I  have  summarized  our  analysis  of  this  history  (Ref.  2). 

On  the  basis  of  this  detailed  familiarity  with  the  early  record,  the  following  conclusions  can 
drawn  regarding  the  cultural  and  soda!  iiifiuences  on  attempting  to  shape  the  history.  This  can 
perhaps  be  most  helpful  for  analysis  of  cultural  factors  if  the  facts  are  presented  in  tabular 
form,  with  an  analytical  opinion  on  the  right 


HISTORY  OF  HIGH  Tc  SUPERCONDUCTORS 


The  Record 

1.  Bednorz  and  Muller  did  no  novel  crystal 
chemistry  at  alL  The  rare  earth  cuprates 
had  been  thoroughly  smdied  as  ceramic 
metals  by  four  of  the  best  synthetic 
groups  in  the  world:  Raveau  and 
Hagenmuller  in  France;  CN.R.  Rao  in 
India;  B.  Lazarev  in  Moscow.  B<&M 
reasoned  that  such  compounds  might  be 
superconducting. 


Cultnral/Social  Factors 

Bednorz  and  Muller  did  read  and  know  the 
iterature  and  attempted  to  work  with 
Raveau.  It  was  a  success  of  their  reasoning, 
measurement  and  interpretation,  not  of 
making  a  new  material. 
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Explicitly  on  La(BaSr)CuO  ^ 
Metallic 


^  -  France 

9  :s 
5  u 


USSR 


India 


Careful  crystal  chemistry 


Ha|enmuller  Lazarev  RAO 
Rayeau 


Spinel  +  Ba(BiPb)0  2 
Superconducting 


Japan 


National  team 
effort  at  5 
universities  + 
some  industries 
NTT  Suzuki 


USA 

SC  work 

winding 

down 

Matthias, 

Sleight, 

Roy 


Switzerland 


7  3  Zero  resistance  SC  in  LaBaCu 

o  2  Bednorz,  Muller 

i'll 


Proved  SC  in  LaBaCu; 
announced  at  MRS,  Boston, 
December  5,  1986 
Kitazawa,  Fueki, 

Tanaka  | 


India 


Japan 


USA 


China 


Rao 

Systematic  O  2 
conccntntion 
dependence  in 
LaBaCu  or 
YBaCu.  Got 
stnicture  right 


Enormous  activity 
in  industry  and 
universities  in  both 


Wu  et  aL 
Empirical 
substitutions 
tried.  Got 
90K  in  Yb  *>or  Y. 


Zhao 

Avoided  "f 
electrons, 
tried  Sc,  then 
the  Y  in  LaBaCu 
composition 


1986-7 


90K  material  confirmed  by  all  within  one  month 


Worldwide:  500  person-years  of  research  on  new  materials 


GiBiSfCu2 

GiTlBaCu 


1987-8  GiBiSfCu2  107K  Maeda(NRIM) 

1988  GiTlBaCu  125K  Sheng  Hermann  (Ark.) 

1500  penon-yeais  yielded  only  these  tnaieriais  ftom  closely  related  families. 


Flg.1.  A  short  history  of  oxide  superconductor  materials 


2.  Bednorz  and  Muller  report  (sent  to  IBM 

HQ)  and  papers  elicited  very,  very  little 
interest  on  the  part  of  anyone  (IBM  V.P.; 
IBM  patent  section;  general  science  or 
even  superconductor  community),  Muller 
in  his  Science  paper  explicitly  says  he  did 
not  expect  any  great  attention.  And  in 
fact  taking  from  23  36  was  hardly 

earth  shaking. 

3.  The  Tokyo  group  was  fully  geared  up  to 
look  for  new  materials.  However,  even 
there  it  was  Kitazawa’s  student  who  first 
broke  ranks  to  confirm  the  effect  in 
LaBaCu. 

4.  Kitazawa’s  late  paper  at  M.R.S.  confirm¬ 
ing  the  Meissner  effect  is  historically  the 
key  event  in  triggering  the  other  experi¬ 
enced  groups,  which  were  already  funded 
to  get  into  the  game  (Bell,  IBM,  Hous¬ 
ton,  Peking,  Bangalore). 

5.  There  is  absolutely  no  argument  that  the 
scientific  credit  for  public  disclosure  of 
the  "90K"  materials  goes  to  Zhao  Zhang 
in  Peking.  The  announcement  appeared 
in  People’s  Daily  on  February  25,  1987 
and  in  the  N.Y.  Times  two  days  later, 
giving  the  KEY  DISCLOSURE  that  the 
composition  lay  in  the  system  Y-Ba-Cu- 
O. 

6.  In  the  meantime  verbal  accounts  by  the 
panicipants  agree  that  J.W.  Ashbum,  a 
graduate  student  in  physics  at  the  Uni¬ 
versity  of  Alabama,  with  no  training  in  or 
understanding  of  structural  chemistry, 
was  "mixing  up  a  variety  of  batches"  and, 
it  is  claimed,  that  on  January  31  noticed 
that  a  "mix"  of  Y-Ba-Cu  gave  a  high  Tj 
discontinuity  near  90K  and  reported  this 
to  his  professor,  M.K,  Wu.  No  conceptu¬ 
al  guidance  for  selecting  the  ions  or 
stoichiometry  was  evidenced.  Indeed  the 
Alabama  and  the  Houston  group  which 
conducted  their  Meissner  measurement 
did  not  know  till  well  into  March  wheth¬ 
er  it  was  the  "green  phase  or  black 
phase"  which  was  superconducting.  Nor 
could  they  use  a  simple  phase  diagram  to 
estimate  the  composition. 
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The  lack  of  interest  correctly  represented 
the  community’s  viewpoint— "no  big  deal," 
indeed  a  hardly  noticeable  advance. 


This  proves  that  maintaining  long-term 
centers  of  excellence  in  key  fields  allows 
one  to  jump  in  quickly.  Senior  researchers 
in  U.S.  and  Japan  did  not  think  much  of  the 
work- 

Personal  presentation  and  excitement  con¬ 
veyed  by  Kitazawa  was  the  "starting  gun." 
I’m  not  sure  why.  Again  a  few  long-term 
funded  groups  were  fast  off  the  mark. 


China  is  not  a  mainstream  science  country 
and  hence  rarely  gets  credit  Very  few  give 
credit  to  Zhao,  although  it  is  certain  that 
IBM,  Bell,  etc.,  used  his  results  for  their 
starting  point 


This  is  a  striking  example  that  even  in  1987 
the  most  simple-minded  empiricism  gets  the 
result  fastest  (not  best). 
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7.  There  is  ao  evidence  at  all  in  the  pub¬ 
lished  literature  that  CW.  Giu  (then 
located  in  Washington,  DC)  or  the  Uni¬ 
versity  of  Houston  had  before  or  after 
(till  months  after  January  31)  ever  done 
any  synthesis  of  materials.  Yet  on  the 
basis  of  claims  to  reporters,  the  public 
and  magazines  such  as  Science  continued 
to  credit  CW.  dm  for  discovering 

even  after  repeated  challenges  to 
produce  evidence. 

8.  The  empirical  fact  is  that  within  a  few 
days  to  3  weeks  of  the  KY.  Tunes  report 
of  Zhao’s  YBaCu  discovery  several 
groups  at  least  including  Bell  Labs, 
Bellcore,  IBM  Yorktown,  IBM  Almaden 
and  Bangalore  had  obtained  the  compo¬ 
sition  and  structure  of  the  YBa2Cu307. 
phase. 

9.  The  enormous  "hype"  in  both  the  lay 
press  (and  in  ±e  United  States  scientific 
press)  make  for  a  policy  nightmare- 
fording  funding  decisions  by  Congress 
and  agencies  long  before  sober  analysis 
of  the  opportunity.  By  and  large  the 
science  press  is  at  least  as  much  to  blame 
for  the  excesses.  The  reporting  of  any 
claim  by  any  laboratory  became  a  weekly 
affair,  with  the  editors  serving  as  cheer¬ 
leaders. 


Culturally,  this  story  illustrates  the  value  of 
bypassing  the  sdentific  literature  which 
nobody  reads  anyway  and  going  to  the 
press.  CW.  Chu,  who  on  the  record,  had 
nothing  whatsoever  to  do  with  the  synthesis 
held  at  least  two  press  conferences  to  make 
glaims  for  which  no  evidence  was  available 
and  which  drew  attention  to  himself,  as 
though  he  had  made  the  material. 


1:2:3  was  a  success  waiting  to  happen  once 
the  cuprates  were  looked  at  Very  poor 
empirical  cat  and  try  work  succeeded  first;  - 
good  crystal  chemistry  and  analysis  did  the 
cleanup  work. 


The  lay  press  can  easily  be  maniptilated 
with  exaggerations.  The  cultural  issue  is 
who  will  monitor  and  control  the  excesses 
of  scientists  in  making  unjustified  claims. 
The  behavior  of  the  science  press  is  much 
more  serious  cause  for  concern  (see  below). 


World  Cultural  Bias  Today:  Science  as  Metaphor  of  Progress 

The  history  of  high  T^  superconductors  is  one,  but  perhaps  the  defining,  example  that 
Western  culture  which  has  flirted  for  a  long  time  with  the  "Idea  of  Progress,"  is  increasingly 
committed  to  believing  that  progress  comes  mainly  or  exclusively  from  science  and  technology. 
The  science  establishment,  although  aware  of  the  dangers  of  such  exaggeration  has  fully  and 
shamelessly  participated  in  inserting  science  and  technology  as  the  veritable  metaphors  of 
hope  in  our  society.  This  ranges  from  utterly  ludicrous  statements  from  the  world’s  most 
distinguished  scientists  that  this  or  that  experiment  into  this  year's  fashionable  hadron,  lepton 
or  boson  "will  yield  the  secrets  of  the  universe,"  or  help  us  "know  the  mind  of  God,"  and 
similar  religious  verbiage.  Carl  Sagan,  explicitly  arguing  agakst  traditional  religions,  intones 
in  appropriately  sepulchral  voice  about  the  wonder  of  "billions  upon  billions"  of  stars,  and  the 
hope  in  finding  extraterrestrial  intelligence. 

Faced  with  the  obvious  negative  correlation  between  the  success  of  U.S.  science  and  the 
decline  of  technology,  the  science  establishment  rushes  to  pronounce  the  wonders  of  the  latest 
discovery  however  trivial,  unconfirmed,  or  of  dubious  significance  it  may  be.  Science 
magazine's  treatment  of  superconductors,  and  Nature’s  dealing  with  "quasicrystals"  are 
excellent  examples.  Indeed  once  such  editors  become  committed  to  the  advocacy  role, 
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becoming  salespersons  for  "more  money  for  science,”  it  becomes  nearly  impossible  to  go  back 
to  honest  journalism,  critical  evaluation  of  claims  and  admitting  mistakes. 

The  key  cultural  issue  illuminated  by  the  high  story  is  how  society,  and  the  community 
of  science,  will  enforce  some  standards  on  the  reporting  and  exaggeration  of  scientific 
advances  (breakthroughs!).  The  R/D  policy  and  funding  management  is  grossly  distoned  by 
the  laissez  faire  system  now  in  existence.  Hi^  superconductors  constimte  physical  science’s 
latest  exemplar  to  bolster  the  metaphor  of  "progress  through  science  and  technolo©'."  The 
evidence  shows  that  the  history  has  been  strongly  distorted  by  manipulation  of  the  public 
media  while  ignoring  the  scientific  record. 

L  Repmt  by  R.  Pool,  Science  241,  655-657  (1988). 

1  R.  Roy,  *HTSQ  Restoring  Scientific  and  Policy  Perspective.*  PmceetUnp  of  the  World  Congress  on 
Supeiconduaivity,  CG.  Burnham  and  R.O.  Kane,  eds.  World  Scientific,  Singapore,  1988,  pp.  27-42. 


A  major  figure  in  the  transformation  of  Bednorz’  and  Muller’s  research  accomplishment 
into  a  research  innovation  was  Professor  Koichi  Kitazawa,  who  publicly  confirmed  the 
discovery  and  described  the  composition  and  structure  of  the  superconducting  phase.  He 
continues  to  be  a  leading  figure  in  high  T^  superconducting  research.  He  writes: 


THE  FIRST  FIVE  YEARS  OF  THE  HIGH  TEMPERATURE  SUPERCONDUCTTVITY: 
CULTURAL  DIFFERENCES  BETWEEN  THE  U.S.  AND  JAPAN 


Koichi  Kitazawa,  University  of  Tokyo  Hongo,  Tokyo,  113  Japan 


Although  the  history  of  superconductivity  dates  back  to  1911,  the  practical  usage  of  it 
began  only  in  the  last  two  decades.  The  scale  of  the  commercial  application  is  still  minimal 
in  comparison  with  its  counterpart  the  semiconduaor.  The  limited  usage  of  superconductiv¬ 
ity  has  been  attributed  to  its  extremely  low  critical  temperature  which  requires  liquid  helium 
as  a  coolant  Suddenly,  in  1986  the  critical  temperature  started  rising  so  rapidly  that 
scientists  lost  their  confidence  in  the  basic  theoretical  scheme  of  solid  state  physics  to 
describe  superconductivity.  Industries  were  trapped  in  a  fear  that  they  might  be  left  behind 
in  its  application  unless  they  started  immediate  R&D  efforts.  The  early  chaotic  simation 
has  calmed  down  as  it  has  become  clear  that  long  and  hard  efforts  will  be  needed  before 
the  new  superconducting  materials  can  be  put  into  practical  utilization. 

In  the  meantime,  there  have  been  various  research  projects  proposed  worldwide.  In  this 
paper  some  personal,  views  are  presented  about  the  development  of  high  temperature 
superconductivity  and  about  the  relative  efforts  put  into  this  field  by  the  U.S.  and  Japan. 

Years  bdbre  1986 

UntQ  1983,  there  were  many  researchers  in  the  U.S.  in  the  field  of  superconductivity. 
As  it  was  gradually  recognized  that  no  large  scale  application  of  superconductivity  would 
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be  expected  soon,  they  left  the  field  one  after  another.  Especially  the  decision  of  IBM  in 
1983  to  terminate  the  large  scale  project  of  developing  the  Josephson  computer  was  a 
symbolic  event  that  ^t  dark  clouds  over  the  superconductivity  society.  Much  smaller  scale 
efforts  survived  in  academia  as  well  as  in  industry.  Superconducting  wires  have  been 
fabricated  by  a  few  small  scale  companies. 

On  the  other  hand,  since  about  1960  in  Japan  there  has  been  a  medium  but  constant 
number  of  researchers  in  this  field  supported  rather  constantly  by  successive  national 
projects,  such  as  MHD  power  generation,  nuclear  fusion  reactors,  superconducting  power 
generators,  computers  for  large  scale  scientific  computation,  the  fifth  generation  computer, 
magnetic  levitation  trains,  etc  Superconducting  wires  have  been  fabricated  by  many  large- 
size  companies  such  as  Toshiba,  Himchi,  Mitsubishi  Electric  Furukawa,  Sumitomo  Electric 
Fujikura  Wire,  Kobe  Steel,  etc  These  research  groups  have  been  allowed  to  survive  as  a 
tiny  grotip  in  each  company  without  producing  profits  but  as  the  nucleus  for  future  possible 
developments.  Technological  competition  developed  among  them  in  producing  high 
performance  superconducting  wires.  By  1986,  they  could  fabricate  a  wide  variety  of  wires 
for  differing  purposes  but  on  a  rather  small  scale.  The  accumulation  of  technical  knowledge, 
however,  has  become  large  in  each  company. 

The  Ministry  of  Education  ran  a  three  year  special  project  in  1983  "New  superconduc¬ 
ting  Materials"  organizing  about  150  university  researchers,  encouraging  them  to  go  into 
nonconventional  materials  including  oxides  and  sulfides  in  addition  to  the  conventional 
metals  and  to  elaborate  on  the  superconducting  mechanisms.  Owing  to  this  project,  various 
instimtes  such  as  the  University  of  Tokyo  could  get  equipped  for  superconductivity  research 
(e.g.,  SQUID  susceptometer)  and  could  establish  the  methodology  to  prove,  identify  and 
characterize  superconducting  materials.  This  is  recognized  to  have  helped  them  a  lot  in  the 
earliest  stage  of  the  high  temperature  superconduaor  research  since  1986. 

Discovery  of  ICgh  Temperature  Supercondnctors 

In  spite  of  many  previous  efforts,  the  highest  criticai  temperature  had  remained  at  23K 
from  1973  until  19^.  Bednorz  and  Muller  of  IBM  Zurich  started  a  search  for  new 
superconducting  materials  in  1983,  being  interested  in  the  oxide  superconduaors  although 
the  highest  T^  of  these  was  only  13K.  After  a  couple  of  years  of  effort  in  vain,  Bednorz 
fotmd  an  artide  written  by  Michel  and  Raveau  of  Caen  University  describing  the  metallic 
conductivity  in  the  Ba-La-^-O  oxide  solid  solution  system.  He  synthesized  the  material  and 
measured  the  resistivity  down  to  the  low  temperature  which  had  not  been  attempted  by 
Michel  and  Raveau.  He  found  an  indication  of  superconductivity  up  to  35K.  On  April  17, 
1986  Bednorz  and  Muller  submitted  a  paper  to  the  Zdtschrift  fur  Phy^  on  the  title  "Possible 
High  Tg  Superconductivity  in  Ba-La-Cu-O  system.”  It  is  said  that  their  sample  was  tested 
at  an  IBM  research  laboratory  in  the  U.S.  but  a  negative  judgment  was  given  back  to  them. 
In  September,  they  obtained  the  SQUID  susceptometer  to  test  the  Meissner  effect  which 
is  the  most  powerM  tool  to  prove  superconductivity.  They  did  find  the  Meissner  effect  and 
submitted  a  second  paper  to  the  Europhysics  Letters  on  October  19th.  They  announced  their 
results  in  a  few  academic  conferences  in  Europe.  Their  announcements,  however,  were  not 
taken  up  seriously  by  the  superconductivity  community  in  Europe  or  in  their  company. 

Reconfimution  and  Identification  of  the  Snpercondncting  Material 

Bednorz'  and  Muller's  first  paper  was  seen  by  researchers  at  the  Electrotechnical 
Laboratory  in  Japan  in  September.  They  tried  to  reproduce  it  but  did  not  get  positive 
results.  That  this  paper  had  appeared  was  communicated  by  Professor  Seldzawa  of  Nippon 
University  to  Kitazawa  of  the  University  of  Tokyo  at  a  workshop  of  the  Ministry  of 
Education's  special  project  on  October  4,  1986.  This  was  because  the  University  of  Tokyo 
group  was  known  to  be  working  on  oxide  superconduaors.  Kitazawa,  however,  ne^eaed  t^ 
information  for  about  a  month  and  only  told  his  collaborators  about  it  He  knew  that  there 
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were  several  similar  materials  reported  to  be  superconductive,  some  with  at  room 
temperature  but  that  none  of  them  had  ever  been  reconfirmed.  In  the  beginning  of 
November,  a  research  associate  Takagi  suggested  to  Professors  Uchida  and  Kitazawa  that 
the  reconfirmation  work  could  be  a  good  project  for  an  undergraduate  student  who  was 
about  to  start  his  thesis  experiments  in  their  group.  Kitazawa,  although  still  reluctant, 
suggested  Takagi’s  different  synthesis  procedure  of  the  material,  which  was  just  to  mix  the 
raw  powders  with  agate  mortar  and  pestle  and  then  to  bake,  a  more  primitive  but  much 
quicker  method  than  that  followed  by  Bednorz  and  Muller.  The  student  prepared  a  dozen 
samples.  On  November  13,  the  vejy  first  sample  exhibited  the  Meissner  signal  indicating 
that  at  least  6%  of  the  total  volume  should  be  superconductive  with  a  about  23K. 

This  news  was  transmitted  to  Professor  Tanaka,  the  principal  investigator  of  the  group, 
who  then  arranged  additional  reconfirmation  measurements  by  another  institute  and  decided 
to  put  several  graduate  students  to  work  on  this  project.  Takagi,  with  these  students, 
worked  to  make  the  superconducting  volume  fraction  as  high  as  possible  and  to  raise  the 
Tj  as  high  as  possible  by  preparing  dozens  of  samples  with  differing  compositions  and  under 
different  atmospheres  and  heat  treatment.  By  December  5,  they  had  identified  the 
superconducting  phase  to  be  the  so-called  K2NiF4  structure  mentioned  as  one  of  the  three 
phases  included  in  the  sample  of  Bednorz  and  Muller.  The  zero  resistance  was  obtained 
above  23K  for  the  first  time  and  the  largest  Meissner  signal  reached  30%.  By  then, 
therefore,  they  had  become  confident  that  the  material  of  this  crystal  structure  was  really 
the  highest  T^  superconducting  material  ever  known. 

Announcement  of  the  Results 

The  earliest  report  of  the  reconfirmation  was  presented  by  Tanaka  in  a  workshop  of  the 
theoretical  group  in  the  Ministry  of  Education  project  on  November  21  and  the  Aso/u  daUy 
newspaper  reported  about  it  on  November  28.  Kitazawa  attended  the  Materials  Research 
Society  (MRS)  fall  meeting  in  Boston  and  was  supposed  to  present  an  invited  lecture  on  the 
Ba-Pb-Bi-O  superconductor  system  on  which  they  had  been  working  for  several  years. 
When  he  arrived  at  the  conference  site,  there  were  several  people  who  had  already  heard 
about  the  news  of  reconfirmation  and  asked  him  about  the  details.  He  told  them  what  he 
had  learned  before  he  left  Japan. 

On  December  4,  he  gave  a  scheduled  lecture  but  did  not  mention  the  new  developments 
because  his  colleagues  were  reluctant  for  him  to  disclose  it  in  public.  This  was  mainly 
because  they  had  not  identified  the  material.  Two  talks  later.  Professor  C.W.  Chu  of 
Houston  University  reported  on  the  same  material  as  Kitazawa  did.  At  the  end  he 
mentioned  that  his  group  had  worked  on  Bednorz’  and  Muller’s  material.  They  found  a 
similar  resistivity  drop  below  about  30K,  ,ind  concluded  that  the  material  was  an  interesting 
candidate  as  a  possible  superconductor.  Replying  to  a  question  raised  from  the  floor  about 
the  Meissner  effect,  Chu  said  that  the  Meissner  signal  was  less  than  their  detection  limit 
about  0.5%.  Kitazawa  made  a  comment  raying  that  they  observed  a  Meissner  signal  of  14%, 
indicating  that  the  superconducting  fraaion  was  more  than  14%.  Then  the  organizer  of  the 
symposium  on  supercondurtivity.  Dr.  Braginski  of  Westinghouse  requested  Kitazawa  to 
describe  details  of  the  Tokyo  studies  on  December  5  after  the  scheduled  sessions  were  over. 
In  the  late  evening  of  the  4th,  he  talked  with  Tanaka  on  the  phone  and  learned  that  they 
had  identified  the  superconducting  phase  and  reached  23K  as  the  zero  resistance  T^  with  the 
maximum  Meissner  signal  of  30%.  Therefore  in  the  talk  Kitazawa  gave  details  of  sample 
preparation,  crystal  structure  and  heat  treatment  conditions.  This  is  said  to  have  nucleated 
the  enthusiastic  research  efforts  around  the  world. 

Kitazawa  then  visited  AT&T  Bell  Laboratories  on  December  9  and  Stanford  University 
of  the  12th  for  special  seminars  on  the  new  material.  Tanaka  sent  him  at  Stanford  a  second 
manuscript  submitted  to  the  Japanese  Journal  of  Applied  Physics  on  December  S  about  the 
identification  of  the  superconducting  material.  Following  a  suggested  mailing  list  by 
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Professor  TJEL  Geballe,  Kitazawa  sent  copies  from  Stanford  to  about  20  researchers  who 
might  be  interested  in  the  results  and  one  to  the  editor  of  Physics  Today. 

Because  the  University  of  Tokyo  group  had  had  experience  in  oxide  superconductivity 
research  for  more  than  several  years,  they  were  the  largest  single  group  in  the  field  and 
relatively  well  equipped.  Assisted  by  the  special  project  of  the  Ministry  of  Education,  they 
could  proceed  relatively  rapidly  to  elucidate  the  unique  properties  of  the  new  superconduc¬ 
tor.  Also  their  group  was  a  hybrid  group  of  physicists  and  chemists;  which  enabled  them  to 
prepare  many  well  characterized  materials  of  various  compositions  in  a  short  period.  They 
also  discovered  the  higher  T^  system  Sr-La-Cu-O  reported  by  Kishio  et  aL  on  December  18. 
They  filed  a  patent  on  this  material  system  on  December  23  in  the  name  of  the  senior 
Professor  FuekL  That  was  the  world’s  first  patent  on  the  HTSC  materials.  They  were  invited 
to  lecture  about  the  new  superconductors  and  their  unique  properties  both  in  Japan  and 
abroad  because  the  speed  of  information  transmittance  was  not  enough  by  academic  journals 
or  even  by  the  newspapers.  Kitazawa  talked  more  than  40  times  abroad  during  the  first 
three  years  of  development  Therefore,  during  the  early  stages  the -University  of  Tokyo 
group  played  a  publicity  service  section  role  for  the  HTSC  community. 

Discoveries  of  Farther  High  Superconductors 

By  this  time  the  critical  temperature  was  still  only  37K,  which  was  much  lower  than 
liquid  nitrogen  temperature,  77K.  Therefore,  the  new  developments  did  not  create  a  large 
enough  incentive  for  the  industrial  world  to  initialize  R&D  efforts  on  a  large  scale. 

Professor  MJC  Wu  of  Alabama  University  got  a  phone  call  from  Professor  Chu,  his 
supervisor  while  he  had  been  a  smdent,  from  B<^ton  immediately  after  the  MRS  meeting 
and  was  asked  to  join  in  collaborative  work  on  HTSC  materials.  In  January  1987,  during  the 
course  of  efforts  to  find  new  oxide  systems,  he  and  his  smdent  Ashbum  found  the 
Y-Ba-Cu-O  system  to  show  T^  even  higher  than  liquid  nitrogen  temperamre.  This  was 
immediately  communicated  to  Chu  in  Houston  and  in  collaboration  the  two  groups  proved 
that  it  was  a  real  superconductor  of  zero  resistivity  with  T^  higher  than  90K.  This  news  was 
disclosed  on  February  16  at  a  press  conference  held  at  NSF  by  Chu  but  the  composition  of 
the  material  was  not  disclosed  until  March  2,  the  date  of  printing  of  an  article  in  Physical 
Review  Letters,  because  of  patent  considerations. 

In  the  meantime  Professor  S.  Hikami  of  another  section  of  the  University  of  Tokyo  who 
used  to  be  a  theorist  also  announced  the  discovery  of  a  liquid  nitrogen  temperature 
superconductor  on  February  21  in  a  workshop  of  the  Ministry  of  Education  project,  but 
without  disclosing  the  composition  of  the  materiaL  On  the  27th,  the  newspaper  Peoples  Daily 
of  China  reported  the  discovery  of  a  liquid  nitrogen  temperamre  superconductor  by 
I^ofessor  ZJC  Zhao’s  group  at  the  Beijing  Instimte  of  Physics.  Zhao  described  the  material 
for  the  first  time  to  be  Y-Ba-Cu-O.  On  March  2,  it  became  clear  that  ail  these  materials 
were  the  same.  During  the  month  of  March,  the  crystal  structure  of  this  material  was 
determined  by  Chu’s  group  and  several  other  groups  around  the  world  independently  and 
nearly  simultaneously. 

By  mid-March  there  were  several  groups  around  the  world  (including  the  author’s 
group)  who  aimounced  that  not  only  yttritim  (Y)  but  also  most  of  the  other  rare  earth  metal 
elements  can  create  superconductors  with  T^  about  90K.  This  period  was  the  most 
enthusiastic  period  in  the  search  for  new  materi^  and  now  involved  many  researchers  in 
industry  laboratories. 

One  year  later  (January  10,  1988)  group  leader  Dr.  H.  Maeda  of  the  National  Research 
Instimte  for  Metals  (NRIM)  in  Japan  announced  the  discovery  that  the  Bi-Sr-Ca-Cu-O 
system  was  a  IlOK  superconductor.  He  had  been  searching  for  new  materials  independent 
of  other  researduus  in  his  instimte.  Several  days  later.  Professor  A.M.  Hermann  of  Arkansas 
University  announced  the  even  higher  Tg  with  the  Tl-Ba-Ca-Cu-O  system.  The  Tg  was 
optimized  later  to  125K  in  this  material  by  researchers  at  IBM  Almaden,  and  this  is  the 


reared  a  good  image  as  a  company  carrying  out  high  profile  research  such  as  HTSC  On  12 
the  other  hand,  U.S.  companies  in  general  maintained  rather  skeptical  attitudes  unless  they 
were  provided  with  government  funds.  U.S.  researchers  seem  to  have  less  power  to  influence 
top  management.  The  managers’  eyes  seem  to  be  more  directed  toward  stockholders  who 
prefer  immediate  profit.  Therefore,  the  author  would  like  to  stress  that  this  difference  arises 
from  a  very  basic  question;  which  is  stronger;  the  stockholders  of  the  company  or  the  people 
who  work  for  the  company? 

The  New  Superconducting  Materials  Forum  and  the  International  Multi>Core  Project 

The  Science  and  Technology  Agency  (STA)  of  Japan  has  a  branch  for  promotion  of 
materials  R&D.  An  officer  in  charge  of  this  section,  Mr.  S.  Hattori,  was  perhaps  the  first 
to  have  realized  the  importance  of  new  developments  in  the  HTSC  field.  The  agen^r  has 
three  national  laboratories,  but  those  laboratories  had  problems  in  association  with  budget 
rmductions  during  a  period  when  metal  industries  were  hit  by  the  recession.  One  laboratory 
had  been  playing  an  important  role  in  developing  conventional  metallic  superconducting 
wires.  Mr.  Hattori  thought  that  the  HT’SC  research  could  be  a  very  suitable  topic  to  activate 
R&D  in  these  laboratories  and  that  it  should  be  initiated  as  soon  as  possible  for  the  greatest 
effectiveness.  So  he  called  for  a  tentative  planning  committee  meeting  a  couple  of  weeks 
after  the  reconfirmation  of  HTSC,  inviting  the  author  and  group  leaders  from  those 
laboratories  and  industries.  The  committee  was  headed  by  Professor  K.  Tachikawa  of  Tokai 
University  who  just  retired  from  one  of  the  laboratories  where  he  had  been  in  charge  of  the 
superconductivity  section. 

Committee  meetings  were  held  frequently,  initially  discussing  current  HTSC  research 
and  then  good  ways  to  promote  information  exchange.  In  the  meantime  research  was 
started  in  the  groups  of  committee  members.  The  committee  decided  to  establish  the  New 
Superconducting  Materials  Forum  (NSMF)  which  was  supposed  to  sponsor  four  one  day 
symposiums  and  four  smaller  scale  workshops  each  year  and  to  publish  a  list  of  preprints 
as  frequently  as  possible.  Both  types  of  meetings  were  planned  to  be  instructional.  The 
agency  did  not  have  a  budget  for  this  and  hence  recruited  companies  as  members  for 
nominal  cost  They  got  more  than  100  members  immediately  and  the  first  symposium  was 
held  on  May  1,  1987,  collecting  about  700  researchers  mainly  from  industries  and  national 
laboratories  under  the  agency. 

The  exciting  discovery  of  the  IlOK  new  material  by  Maeda  in  January  1988  came  from 
one  of  these  laboratories  (NRIM).  Another  laboratory,  NIRIM,  became  active  in  investiga¬ 
ting  the  crystal  structures  of  the  HTSC  materials  by  electron  microscopy.  The  officer  Hattori 
then  planned  a  rather  big  project  for  this  agency  making  use  of  these  achievements,  the 
International  Multi-Core  Project.  This  was  intended  to  promote  joint  research  projects  at 
the  several  core  sites  at  the  three  laboratories  by  inviting  both  Japanese  and  foreign 
companies  to  send  researchers.  As  a  result  of  this  project  the  three  laboratories  were  able 
to  get  the  highest  voltage  electron  microscope  and  the  highest  field  magnet  as  well  as  other 
advanced  equipment.  More  than  20  researchers  from  industry  and  some  postdocs  from 
abroad  participated.  The  NSMF  has  functioned  as  a  major  source  for  industry  to  acquire  the 
latest  information  about  HTSC  research. 

The  International  Superconductivity  Technology  Center  and  The  Superconductivity 
Research  Laboratory 

The  Ministry  of  International  Trade  and  Industry  (MITT)  is  a  larger  organization  than 
STA  and  usually  supports  much  larger  projects.  In  general  their  consortium  projects  require 
private  member  companies  to  pay  more  than  half  of  the  total  expenses  associated  with  each 
proiect.  The  superficial  re.'ison  for  this  is  said  to  be  that  in  this  w-ay  only  serious  companies 
join  as  members.  The  real  reason  is  that  the  government  simply  does  not  have  a  large 
enough  budget.  Because  of  this,  an  officer  who  is  in  charge  of  planning  must  pay  careful 


record  high  up  till  now.  From  a  practical  point  of  view  Y,  Bi  and  Tl-cuprates  are  ^27 
currently  the  three  most  promising  materials  on  which  research  is  focused. 

From  a  scientific  point  of  view,  an  important  discovery  was  the  material  now  known  as 
an  electron-doped  superconductor,  the  Nd-Ce-Cu-O  system,  which  should  be  mentioned. 

This  was  discovered  by  Professor  Y.  Tokura  of  the  University  of  Tokyo  in  January  1989. 

This  discovery  has  had  a  great  impact  on  the  theoretical  aspects  of  high  T^ 
superconductivity.  Tokura  also  succeeded  in  finding  a  material  rule  governing  HTSC 
materials  and  was  able  to  discover  new  ones  according  to  his  prediction.  His  rule,  in  a  sense, 
has  nearly  terminated  the  first  phase  of  the  material  research. 

Comparison  of  R&D  Efforts  on  HTSC 

Based  on  the  author’s  personal  view,  after  the  discovery  by  Bednorz  and  Miiller,  the 
basic  science  of  HTSC  was  at  first  dominated  by  Japanese  contributions.  As  time  elapsed, 
more  high  quality  research  results  came  from  the  U.S.  than  from  Japan,  except  in  some 
particular  fields  like  nuclear  magnetic  field  resonance.  This  was  because  there  are  more  than 
twice  as  many  physicists  in  the  U.S.  in  the  field  and  on  the  average  they  are  much  better 
equipped.  As  far  as  basic  physics  is  concerned,  the  American  cormnunity  has  a  very  high 
potential.  On  the  other  hand,  there  are  perhaps  as  many  or  even  more  materials  scientists 
in  Japan  who  are  engaged  in  searching  for  new  materials,  improving  the  material  quality  and 
processing  methods,  growing  crystals,  making  thin  films,  etc.  From  the  viewpoint  of  practical 
results,  the  role  of  materials  scientists  seems  to  be  important 

There  have  been  a  few  polls  taken  to  predict  who  is  contributing  the  most  science  and 
who  may  reach  practical  applications  first.  Polls  in  both  countries  agree  that  the  U.S.  is 
contributing  more  to  basic  science  but  Japan  is  ahead  for  applications.  I  believe  that  this  is 
due  to  the  fact  that  the  role  of  materials  scientists  is  better  appreciated  in  Japan  but 
physicists  are  more  dominant  in  the  U.S.  One  typical  and  frequent  mode  of  U.S.-Japan 
collaboration  is  that  U.S.  physicists  with  better  testing  equipment  wait  for  Japanese  samples. 

No  opposite  cases  are  known  to  the  author. 

As  for  research  efforts  in  industry,  Japanese  companies  have  been  leading  in  application 
oriented  fields  except  the  ones  aimed  at  military  purposes  such  as  high  firequenty  passive 
devices.  Several  tens  of  Japanese  companies  have  started  R&D  with  their  own  funds  while 
many  fewer  companies  in  the  U.S.  have  started  on  a  comparable  scale.  There  are  many 
small  scale  U.S.  venture  companies  funded  by  the  government  on  a  project  basis.  The 
unwillingness  of  American  companies  to  invest  in  long  term  R&D  is  not  a  long  standing 
tradition  but  seems  to  have  developed  during  these  last  two  decades. 

Another  faaor  affecting  this  difference  may  be  the  fact  that  in  the  U.S.  during  1987  and 
1988  a  pessimistic  view  was  spread  both  in  scientific  journals  and  in  newspapers  about  the 
practical  usage  of  HTSC  materials.  This  was  the  time  when  industries  were  seriously 
considering  starting  research  projects.  This  view,  I  believe,  was  partly  true  but  exaggerated. 

In  Japan  optimism  prevailed  over  pessimism.  People  said  that  nobody  could  have  foreseen 
the  present  day  of  semiconductor  integrated  chips  during  the  early  days  of  highly  unreliable 
transistors.  Indeed,  Japanese  materials  scientists  have  so  improved  the  performance  of  the 
HTSC  wires  that  renewed  R&D  efforts  have  been  initiated  in  American  companies. 

The  author’s  personal  view  is  that  American  researchers  avoid  difficult  materials 
problems  more  than  their  Japanese  counterparts.  They  seem  to  be  afraid  that  their  efforts 
and  capability  may  not  be  appreciated  in  the  company  if  they  cannot  get  immediate  success. 

In  Japan,  even  if  a  project  has  to  be  terminated  without  success,  there  are  mechanisms  in 
the  company  to  appreciate  researchers  who  tackle  a  difficult  subject.  And  besides,  a  project 
has  a  better  chance  to  survive  when  the  researchers  are  enthusiastic. 

During  this  period  many  Japanese  companies  started  research  programs  in  HTSC  as  if 
they  could  not  stand  the  pressure  from  enthusiastic  researchers  in  the  company.  The 
managers  also  got  pressure  from  personnel  sections  who  felt  that  recruiting  good  students 
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attention  to  opinions  of  the  private  sector.  He  has  to  create  such  an  atmosphere  that 
companies  are  cooperative  with  his  project.  At  the  very  least  he  has  to  avoid  strong 
opposition  from  expected  members.  A  project  therefore  is  better  not  too  clearly  defined  in 
advance  but  should  rather  be  brewed  gradually  while  it  is  discussed  with  expected  members. 

Within  a  month  after  the  reconfirmation  of  HTSC,  an  officer  of  MITI,  Mr.  M. 
Urashima,  staned  frequent  visits  to  Professor  Tanaka  at  the  University  of  Tokyo,  at  first  just 
getting  information  and  then- gradually  talking  about  the  possible  style  of  a  new  projea  on 
HTSC.  Then  they  started  meeting  influentiai  technical  managers  of  private  companies. 
During  this  process  they  desired  to  establish  a  new  research  laboratory  rather  than  just  fund 
researches  in  national  laboratories  and  companies. 

There  bad  already  been  two  examples:  the  VLSI  research  lab  and  the  optoelectronics 
lab.  These  laboratories  had  been  formed  as  consortium  laboratories  under  MITT  and 
terminated  after  five  years.  The  most  difficult  pan  of  managing  them  was  collecting  good 
people  in  a  shon  period  and  then  being  able  to  terminate  their  employment  so  as  to 
terminate  the  project  Because  pf  life-span  employment  in  Japan,  it  is  not  possible  to  hire 
good  researchers  for  just  five  years.  Therefore,  they  devised  a  clever  idea  —  requesting  each 
of  the  member  companies  to  dispatch  researchers  or  administrative  personnel.  The  salary 
is  paid  by  the  company  and  they  go  back  to  the  original  company  on  terminaticm  of  the 
project  research.  The  office  and  btiilding  is  built  on  land  which  one  of  the  companies  can 
lend  for  the  period.  Land  is  usually  a  big  problem  in  Tokyo.  But  the  close  location  of  the 
lab  can  be  attractive  to  the  company  which  lends  the  land  because  better  communications 
can  be  secured  in  rapidly  developing  fields.  NEC  and  Fujitsu  were  the  two  companies  that 
lent  land  close  to  their  own  labs  for  the  above  two  consortia. 

By  the  end  of  February  1987,  the  Mi  ll  officer  and  Professor  Tanaka  had  reached  the 
conclusion  that  at  least  some  new  project  should  be  possible  and  started  various  efforts  to 
get  consensus  among  other  Mm  officen  and  among  influential  Diet  members.  The-  officer 
arranged  sexninars  by  Tanaka  and  some  from  industries  for  the  Mm  community  and  for 
some  Diet  members.  In  order  for  the  authorization,  a  round  table  committee  was  formed 
consisting  of  executive  managers  of  influential  companies  in  the  field  of  superconductivity, 
managers  of  national  laboratories  under  Mm  and  university  professors.  The  committee 
chairman  was  a  Senior  and  well  known  retired  professor  who  did  not  have  any  direct  interest 
in  the  possible  project  Under  this  committee,  an  investigation  committee  was  formed  with 
Professor  Tanaka  as  the  chairman  and  technical  managers  of  companies  and  active  scientists 
fiom  national  laboratories  and  universities  as  members.  They  made  a  purely  technological 
report  within  two  months  based  on  a  presentation  of  each  member.  The  round  table 
committee  concluded  rather  vaguely  that  a  positive  governmental  suppon  and  collaborative 
researches  should  be  needed. 

In  parallel  the  officer  and  Tanaka  arranged  for  filming  of  a  committee  meeting, 
miversity  laboratory  and  the  laboratories  of  member  companies.  This  was  quite  effective 
md  created  widespread  interest  in  the  new  technology.  Mi  ll  in  collaboration  with  the  two 
committees  even  published  commercial  books;  one  for  readers  with  technical  background 
md  the  other  for  non-technical  readers.  On  May  26  the  Science  and  Technology  Committee 
}f  the  Diet  held  a  hearing  with  HTSC  specialists  including  Tanaka.  The  MITI  officer  and 
Tanaka,  taking  advantage  of  the  surrounding  enthusiastic  atmosphere,  started  to  organize 
mmpanies  one  by  one  asking  to  what  extent  they  would  be  willing  to  pay  for  the  consortium 
md  whether  they  would  be  able  to  send  researchers.  The  response  was  more  than  expected. 
They  decided  to  have  two  kinds  of  members:  one  just  for  information  and  the  other  for  the 
onsortmm  laboratory. 

After  intensive  discussions  an  agreement  was  reached  to  open  the  consortium  to  foreign 
nembers.  Tanaka  advocated  the  words  "HTSC  for  the  future  of  humankind",  which  was  in 
accordance  with  ideas  that  Japan  should  contribute  more  to  the  international  research 
xmimumty.  They  knew  that  one  of  the  most  difficult  problems  in  the  U.S.  when  thinking 


of  a  consortium  is  to  reach  an  agreement  on  the  issue  of  how  to  share  R&D  results  among 
the  members.  In  Japan  the  members  agreed  that  they  would  decide  on  that  question  later 
when  necessary.  What  would  happen  is  that  they  would  discuss  the  problem  for  a  certain 
period  of  time  and  then  choose  some  neutral  and  experienced  person  whom  they  all  trusted 
and  follow  his  decision  if  they  cannot  decide  by  themselves.  But  the  officer  and  Tanaka 
worried  that  this  time  it  was  possible  that  foreign  members  might  not  be  satisfied  with  this 
rather  Japanese  style  rule.  So  they  collected  information  about  the  rules  adopted  for  this 
question  in  the  U.S.  But  it  took  a  long  time  until  they  reached  a  conclusion  (in  March 
1989)  and  hence  they  £Ould  not  give  a  clearcut  reply  to  inquires  from  abroad  in  the  initial 
period. 

The  Mill  established  the  International  Superconducting  Technology  Center  (ISTEC) 
in  Tokyo  October  1,  1987.  It  was  also  decided  the  Superconductivity  Research  Laboratory 
should  be  formed  under  ISTCC.  At  first  they  expected  about  30  members  to  join  ISTEC  and 
a  dozen  to  join  the  laboratory.  It  turned  out  that  about  100  companies  applied  to  join 
ISTEC  and  40  to  join  the  laboratory  by  paying  1  million  dollars  as  the  admission  fee  and 
sending  two  researchers  each.  As  the  site  for  the  lab,  Nagoya  offered  land  and  a  building. 
Also  a  gas  company  in  Tokyo  offered  to  lend  land.  Hence,  it  was  decided  that  the  main  lab 
was  to  be  built  in  Tokyo  and  a  branch  to  be  set  in  Nagoya.  Because  Nagoya  has  been  the 
largest  center  for  ceramic  industries,  it  was  decided  that  the  branch  would  concentrate  on* 
ceramic  processes.  As  Tanaka  became  confident  of  success,  he  collected  a  dozen 
researchers  from  industry  to  begin  researches  immediately  as  visiting  scientists  at  the 
university.  They  would  be  shifted  to  the  new  laboratory  as  soon  as  the  lab  was  built  He  also 
negotiated  with  some  companies  so  that  they  would  dispatch  his  former  students  who  once 
worked  on  superconductivity.  He  later  got  five  of  them. 

Tanaka  reached  the  retirement  age  of  60  at  the  University  of  Tokyo  and  was  selected 
as  the  head  of  SRL.  The  construction  of  the  new  building  started  in  April  1988  and  it  was 
opened  on  October  25.  In  the  meantime,  the  Nagoya  branch  opened  on  July  8  with  a  group 
leader  and  six  researchers  from  member  companies.  Those  who  were  staying  at  the 
University  of  Tokyo  as  visiting  scientists  started  planning  and  negotiating  to  purchase 
equipment  in  order  for  them  to  arrive  soon  after  the  opening  of  the  lab.  The  lab  started  up 
amazingly  quickly  and  the  researchers  increased  to  nearly  100  within  a  year.  The  member 
companies  increased  to  111  with  46  of  them  members  of  the  lab  by  November  1989.  Success 
resulted  from  the  preceding  thoughtful  efforts  of  Tanaka  and  others  before  things  bad  been 
completely  decided.  Plans  were  developed  and  accepted  in  a  flexible  and  cooperative 
manner  just  as  when  a  village  is  going  to  hold  a  festival.  I  would  like  to  stress  that  this  was 
done  neither  by  strong  power  nor  by  money. 

A  Personal  View  on  the  Consortium  and  Free  Competition 

It  does  not  seem  likely  that  a  consortium  can  be  easily  created  in  the  U.S.,  considering 
the  discontinuous  spectra  of  the  distribution  of  companies.  In  the  the  automobile  industry, 
for  instance,  there  are  ten  companies  producing  passenger  cars  in  Japan,  while  there  are  just 
three  in  the  U.S.  for  a  much  larger  market.  In  the  field  of  computers  there  are  five  large 
Japanese  companies  fabricating  main  frame  computers  while  in  the  U.S.  there  is  one  giant 
and  some  others.  There  are  at  least  five  iron  and  steel  companies  with  blast  furnaces  in 
Japan,  while  there  are  two  large  ones  in  the  U.S.  That  is,  there  are  many  companies  in  each 
industrial  field  in  Japan  competing  hard  domestically  while  one  or  just  a  few  giant 
companies  enjoy  monopolized  markets  in  the  U.S.,  unless  they  get  international  competition. 
Until  30  years  ago,  there  were  many  more  companies  also  in  the  U.S.  U.S.  capitalism  seems 
to  have  outgrown  the  period  of  free  competition  which  is  supposed  to  be  the  essence  of 
capitalism.  In  this  sense,  Japan  may  be  still  in  an  early  period  of  capitalism  or  there  may  be 
some  social  mechanism  which  works  to  prevent  the  decrease  of  the  number  of  competing 
companies.  (A  typical  exception  may  be  beer,  with  four  companies  in  Japan,  but  many  in 


the  U.S.;  banking  may  be  another  exception.)  True  cooperation  can  be  set  among  equal 
partners  but  not  so  easily  among  giants  and  dwarfs.  The  essence  of  a  consortium  is 
cooperation  among  member  companies.  One  reason  that  Japanese  companies  can  join  and 
become  deeply  involved  in  a  consortium  is  the  continuous  spectrum  of  rival  domestic  firms. 


While  a  high  critical  temperature  and  high  critical  field  set  the  framework  for  the 
potential  of  oxide  high  temperature  superconductors,  obtaining  a  sufficient  critical  current 
density  and  developing  satirfactory  me^ods  of  fabrication,  mechanical  properties  and  price 
are  equally  important  considerations.  With  regard  to  superconducting  oxides  for  thin  film 
and  electronic  device  applications,  critical  research  irmovations  were  the  achievement  of 
high  current  density  thin  films  at  liquid  nitrogen  temperamre  by  P.  Chaudari  et  al.  at  IBM 
and  T.  Morakami  et  al.  at  NTT  in  May  and  July  of  1987.  This  and  subsequent  highlights 
of  thin  film  and  device  achievements  (Table  3)  indicate  that  thin  film  high  critical 


Table  3.  High-T^  superconducting  thin  film  and  device  highlights. 
.Achievement  Organization  Date 


First  high- Jc  film  at  77K 
(YBaCuO) 

IBM 

5/87 

First  Jc  >  10°  A /cm*  at  77K 
(YBaCuO) 

NTT 

7/87 

First  vn^situ  growth  (YBaCuO) 

Cornell 

8/87 

First  ultra-thin  (100  A)  film 
(YBaCuO,  Tc  ==  82K) 

Kyoto  Univ. 

6/88 

First  high-Je  in-sittt  laser- 
deposited  film 

Bellcore 

6/88 

High  Je  in  all  high-Tc  film 
materitds  (Tl...,Bi...,Y...) 

Sumitomo 

8/88 

New  perovskite  substrates 
(LaGaOa,  LaAlOs) 

IBM  TRW 

9/88 

Synthesis  of  n  =  3, 4, 5 

BiSrCaCuO  film*; 

Matsushita 

9/38 

First  low  noise  SQUID  (Tl...) 

IBM 

11/88 

First  high-Je  CVD  film 

Tohuku  Univ. 

11/88 

Film  with  low  microwave 
losses  (86  GHz,  77K) 

Siemens 
^  Wuppertal 

11/88 

First  high-Je  film  at  77  K 
on  silicon  with  buffer  layer 

Bellcore  U  NEC 

12/88 

Picosecond  pulse  propagation 

AT5:T 

3/89 

First  two-level  high-Te 
device  (microstrip  resonator) 

Stanford  Univ. 
HP 

4/89 

High-<5  copianar  transmission  line 
resonator  [Q  14 x  higher  that  for 

Siemens  k.  Tech. 
U.  of  Munich 

5/89 

Cu  at  9  GKz,  77K) 

Source:  1989  JTEC  Panel  Report  on  High  Temperature  Superconductivity  in  Japan,  M.S.  Dresselhaus,  et  al. 
National  Technical  Information  Services,  U.S.  DepL  of  Commerce. 
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temperature  supci  conductivity  research  in  Japan  and  the  United  States  are  on  a  par.  Thin 
film  accomplishments  are  mostly  related  to  learning  how  to  grow  high  quality  films;  high 
current  density  reflects  the  development  of  single  crystals  or  oriented  crystal  alignment  in 
these  materials.  As  shown  in  Table  4,  the  current  density  achieved  in  ReBa2Cu307  films 

Table  4.  Thin  film  ReBa2Cu307  critical  current  density  achievements  at  77K 


Je  ( A  / cm^ )  0 rganization _ Date 


1.0  xio* 

IBM 

5/87 

1.8  xlQ* 

NTT 

6/87 

2.5  xl0« 

Sumitomo  Electric 

2/88 

4  xl0« 

U.  of  Kyoto 

6/88 

4-5  xl0« 

Bellcore- Rutgers 

8/88 

5.5  xlO** 

Karisnihe 

11/88 

Source:  1989  JTEC  Panel  Report  on  High  Temperature  Superconductivity  in  Japan,  M.S.  Dresselhaus,  et  aL 
National  Technical  Information  Services,  U.S.  Dept,  of  Commerce. 


suggests  that  the  rate  of  development  in  Japan  and  the  United  States  is  pretty  much 
equivalent. 

The  thin  film  and  device  highlights  illustrated  in  Table  3,  illustrate  differences  in  the 
Japanese  and  American  approaches.  While  the  overall  thin  film  growth  activities  of 
Japanese  and  American  researchers  have  been  roughly  equal,  Japanese  laboratories  have 
tended  to  make  long  term  commitments  without  sharply  defined  application  goals,  stressing 
the  expectation  of  long  development  cycles.  Even  without  short-term  device  applications, 
there  has  been  a  strong  Japanese  commitment  to  materials  synthesis  projects.  In  contrast, 
there  is  an  appreciable  American  commitment  to  the  high-frequency  properties  of 
superconduc-ting  film  devices.  A  number  of  American  laboratories  have  constructed 
resonators  with  superconducting  layers.  Researchers  have  constructed  filters  with  both 
superconducting  and  metal  films  with  low  losses  at  liquid  nitrogen  temperature.  Investigators 
have  shown  that  very  short  pulse  propagation  is  more  effective  with  superconductor  films 
than  with  metallic  conductors.  Studies  have  proceeded  with  the  development  of 
superconducting  infrared  detectors.  Several  American  companies  are  working  on  microwave 
device  components.  These  device  applications  in  the  field  of  electronics  for  space  and 
defense  have  been  spurred  on  by  DARPA  and  DoD  contracts  in  the  United  States  for  which 
there  is  no  Japanese  equivalent 

For  the  present,  large-scale  applications  of  high  field  superconductivity  remain  in  the 
realm  of  metallurgically  well  developed  low  temperature  materials  such  as  niobium  titanium 
and  niobium  tin.  In  both  Japan  and  the  United  States  large-scale  application  smdies  are 
mostly  supported  by  government  funds  and  coordinated  by  national  laboratories  with  a 
comparable  scale  of  artivities.  In  Japan  two  major  projects  are  superconducting  magnetic 
levitation  for  trains  and  superconducting  electric  generators,  both  aimed  at  specific 
commercial  markets.  In  the  United  States  the  superconducting  super  collider  is  aimed  at 
high  energy  physics  while  the  superconducting  magnetic  energy  storage  system  is  intended 
for  a  combined  defense  and  commercial  objective.  With  regard  to  the  development  of  high 
current  density  bulk  o.xide  high  temperature  superconductors  substantial  achievements  have 
been  reported  in  yttrium  barium  copper  o.xide  by  melt-textured  growth  techniques  which  led 
to  oriented  crystal  structure  (S.  Jin  and  Bell  Telephone  Laboratories).  This  general  approach 
has  been  elaborated  by  M.  Murikami  and  others  at  Nippon  Steel  as  quench  and 
melt-growth  and  further  as  a  melt-processed  melt-growth  technique  developed  by  Murikami 
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after  moving  to  the  superconductivity  research  laboratory  of  ISTEC  A  number  of  similar 
techniques  have  been  developed  by  other  laboratories  in  Japan,  the  United  States  and 
China.  High  critical  current  wire  and  tapes  have  been  mostly  demonstrated  in  Japan  by 
Sumitomo  Electric  and  Furukawa  Electric.  American  researchers  have  generally  focused 
more  on  thin  and  thick  film  materials.  Representative  achievements  in  Japan  and  the  United 
States  are  illustrated  in  Table  5  and  Table  6. 


Table  5.  Representative  benchmark  data  for  wires,  tapes,  and  thick  films  of  high-T^ 
superconductors  in  the  U.S. 


Labontory 

PTQceaa 

Conductor  Properties 

U.  Houaton. 
Texaa  Cen¬ 

ter  for  Super* 
conductivity 

Concniilcd  cooiing  of 
melt  through  YBaiCuaO?-, 
pcntectic  (l*C/hr). 

ic  s  15,000  -  18.500A/cm* 

9  T7K.  OT; 

Jc  s  7S,OOOA/cin^(puiscd) 

9  7TK.  OT; 

337.000  A/em^  (pulsed) 
a  T7K.  0.6T 

A^itTOi - 

Melt-textured  growth. 

Oiieetional  solidification 
of  YBaiCu]Or-x  melt 

Ve=17.000A/<an‘  9  “K.  OT: 

Jc  =  4QOOA/cm2  a  TTK.  IT 

ATtTSeU - 

Hot  forging  of  YBajCusOr-, 
powder  at  1000*C,  26  .MPa.  6  hr. 

Jc  —  3000 A /an*,  T  unspeaheU 

Staaiord  U. 

Laser  heated  pedestal 
growth  of  Bi-Sr-Ca-CuO, 
fibon 

rt  3  0  a  30-d5K 

Je(puiaed)  3  60.000A/cai^  9  68K 

Argonna 

National 

Labofmtory 

Tapecaat  YBaiCusOr-.*  powder 
with  and  without  Ag  powder. 
Tape  placed  onto  Ag  foil  tu^ 
strate.  followed  by  sintcnng 

A  3  0  a  86.90K: 

Je3300A/em^  «  77K 

Superconductor 

Technolociaa. 

Inc. 

Spin-on  composition  of 
Tl-C»Ba-Cu  2-ethy(hesanoateB 
deposited  onto  substrates 

f?  3  0  a  lOOK.  Rt^ZSO  mil 
a  77K,  150  GHa.  No  Je  reported 

Maaaoclniaetu 
Inatitute 
of  Technology 

Spio-on  pipcam  of 
Pechini-otrate/etliyltna 
glycol  polymsrnation  mixture  for 
Bi--‘4334''  fUms  on  (100)  SrTiOj 

fl  3  0  a  ro.7sK 

3  5  x  l0*A/cm^  a  4K.  0  T 

IBM*  York  town 
Heights 

Spin-on  coropoeitian  of  Y,  Ba, 
Cu  iriflueroacetates  dimolved  in 
methanol.  Vanoua  substraaaa. 

A  3  0  a  91K; 

J,  3  l0«A/cmJ  9  77K. 

OT  on  LaCaO] 

Miero- 
elactronica 
and  Computer 
Technology 
Corporation 

Spray  pyroiyMs  of 

Bi-Sr-C^Cu  nitrates  onto  (100) 
MgO  and  BeO.  Post  daposn 
tion  mall-quench-aniical  to  den- 
sify  film.  8i-“:212",  *4334"  sioi- 
chiomecry. 

A  3  0  a  81K; 

Jf  3  tOOOA/an^  a  77K 
on  (100)  MgC 

Sandio 

Natiottal 

Laboratory 

Soeen  pnntingof  YBaiCujOr-, 
powdar  '  ^um)  diapaiaad  in  an  ab 
cohoL  Printad  onto  sutaatratea. 

A  3  U  a  91K; 

Jt  3  93A/an^  9  76K 

Los  Alamos 

Nauonal 

Laboratory 

High-rate  magnetron  sputtering 
from  single  target  Tl-'*7213”  and 
*2233”  targeta 

A  3  0  a  90K;  A,  3  6  -  7  mil 
a  I5K,  22GHx:  25  um  thick  lUma. 
No  Jc  reported 

Source:  1989  JTEC  Panel  Report  on  High  Temperatore  Superconductivity  in  Japan,  M.S.  Dresselhaus,  et  aL 
National  Technical  Information  Services,  U.S.  Dept  of  Commerce. 
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Table  6.  Representative  benchmark  data  for  wires,  tapes  and  thick  films  of  high-T^ 
superconductors  in  Japan 


Laboratory 

Process 

Conductor  Properties  * 

Sumitomo 

Ag-sheathed 

(Bi,Pb)SCCO-0.14x4  mm*  tape: 

tubes  drawn  to 

Jc  —  1.7  X  lO^A/cm^,  OT; 

wire,  then 

Jc  =1700  A/cm^  at  O.lT; 

cold  rolled 

YBa^CusOr-s 

to  tapes 

Je  =  4  X  lO^A/cm^ 

Mxiltinlamentary 

36  (Bi,Pb)SCCO  filaments; 

HTSC  wires/ Ag 

0.16  mm  wire; 

sheath 

Jc  =  1050A/cm^ 

Hitachi 

Ag-sheathed, 

YBa^CusO?-* 

- 

HTSC  powders 

Je  =  3.3  X  10^.\/cm^; 

drawn  and  rolled 

TBCCO-Je  =  6  X  lO^A/cm*; 

into  0.5  mm 
tapes 

{Tl,Bi)SCCO-Je  =  10\4/cm2 

NRIM 

Tape  cast,  sin- 

(Bi,Pb)SCCO;  Je  =  ISSOA/cm* 

tered,  and  rolled 

OT;  30/im  thick. 

to  high  density 

3  mm  wide.  100  mm  long 

Nippon 

Quench-meit- 

YBajCusOj-r 

Steel 

growth  to  form 

monolithic 

conductor 

Je  >  10‘‘A/cm^,  IT 

Mitsubishi 

Aerosol  particle 

BSCCO-i/im  thick 

deposition 

on  (100)  MgO: 

l^m/hr 

Je  =  SOOOA/cm^,  OT, 

onto  substrate, 
melt  textxired, 
and  annealed 

Je  =  100  A/cm^,  0.4T 

NRIM  Magnetron  sput-  YBa7Cu307_r  -  l-2|Um  thjck: 


cering  on  HasteU  =  0  at  SOK, 
loy  X  substrate  Je  ~  200A/cm^ 
with  MgO  buffer 
layer 

•All  Jc  values  at  77K. 

Source:  1969  JTEC  Panel  Report  on  Kgfa  Temperature  Soperccaducdvity  in  Japan,  MS.  Dresselhaus,  et  aL 
Nadonai  Teduucal  Infonnadon  Services,  U^.  of  Gnmnerce. 

One  of  the  leading  producers  of  low  temperature  superconducting  large-scale  magnets 
in  Japan  has  been  Hitachi.  They  have  provided  magnets  for  magnetic  levitation  devices,  for 
fusion  reaaors,  for  high  energy  physics  applications,  high  field  generators  and  synchrotron 
radiation.  Dr.  Shin-Pei  Matsuda  is  Director  of  the  Superconduaor  Research  Center  of  the 
Hitachi  Research  Laboratory.  His  comments  about  the  Hitachi  research  program  on  high 
critical  temperature  superconductors  represents  the  long  time  frame  within  which  Hitachi 
research  is  conduaed: 
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HIGH  Tc  SUPERCONDUCTIVITY  IN  JAPAN 


Shin-Pei  Matsuda,  Hitachi  Research  Laboratory,  Hitachi,  Ibaraki,  Japan 


This  brief  report  examines  the  status  of  High  Tj  Superconductivity  research  in  Japan. 
The  first  part  looks  at  some  of  the  comprehensive  High  T^  Superconductivity  research 
programs  which  have  been  established  in  the  recent  past,  and  the  second  part  looks 
specifically  at  Hitachi’s  research  program  as  a  case  study. 

Applications  of  High  T^  Superconductors 

For  every  potential  application  of  high  T^  superconductors  we  must  realize  that  there 
is  competition  from  metal  superconductors  and  also  from  normal  conductors.  From  an 
economical  point  of  view  the  high  superconductors  have  not  reached  a  state  of 
commercial  application  but  are  still  the  subject  of  basic  materials  research.  We  see  as 
possible  applications;  magnets  operable  at  liquid  nitrogen  temperature  (MRI,  MAGLEV, 
etc.),  magnets  operable  at  very  high  magnetic  fields  at  low  temperature  (fields  above  20T 
at  4.2 ’K),  magnetic  shields  and  also  for  electronic  switching  devices  (Josephson  devices, 
transistors)  where  there  is  very  strong  competition  from  semiconductor  devices. 

High  T(  Superconducting  Research  Programs  in  Japan 

The  high  T^  superconducting  research  program  in  Japan  has  been  spearheaded  by  two 
specially  created  research  organizations.  Each  will  be  discussed  briefly  below. 

ISTEC 

The  International  Supercondurtor  Technology  Center  (ISTEC)  was  established  in  1987 
by  both  the  private  sector  and  government.  A  "Superconductivity  Research  Laboratory" 
supporting  100  researchers  was  created.  Two  researchers  are  typically  sent  to  the  Super¬ 
conductor  Research  Laboratory  by  each  company  member.  Membership  in  ISTEC  includes 
46  companies.  Among  these  are  representatives  from  the  electric  power,  electronics, 
machinery,  chemical,  and  iron  and  steel  industries.  Initial  membership  costs  are  $700,000 
(U.S.)  with  annual  fees  set  at  $80,000  (U.S.). 

SUPER-GM 

The  Superconducting  Generator  and  Materials  Program  (SUPER-GM)  was  established 
in  1988  by  funds  from  MITI  as  part  of  an  eight  year  project.  Its  goals  include  the 
development  of  a  70  MW  superconducting  generator  and  high  Tc  superconducting  cables. 

Hitachi’s  R&D  Structure  on  High  T,  Superconductors 

Hitachi’s  program  for  the  research  and  development  of  High  T^  Superconductors  is 
designed  to  take  place  in  two  phases.  Phase  I  runs  from  early  1987  to  early  1990,  and  phase 
II  runs  from  mid-1990  to  early  1993.  The  program  is  classified  as  basic  research.  Within 
Hitachi,  the  participating  departments  include  the  Central  Research  Lab,  Hitachi  Research 
Lab,  the  Advanced  Research  Lab,  Hitachi  Chemical  Lab,  and  Hitachi  Cable  Lab.  Their 
respective  missions  are  thin  film  electronic  devices,  materials  and  wire,  mechanisms, 
materials  synthesis,  and  wire  fabrication. 

In  regards  to  the  technical  backgrounds  of  the  participating  researchers,  one-half  have 
experience  in  Low  Temperature  Superconductors  (including  superconducting  magnets  and 
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experience  in  Low  Temperanire  Superconductors  (including  superconducting  magnets  and 
Josephson  Devices),  and  the  other  half  are  new-comers  with  experience  in  metallurgy, 
materials  chemistry  (catalysis),  and  ceramics. 

Hitachi’s  company  policy  regarding  superconductors  is  two-fold.  First,  Hitachi’s  goal  is 
to  lead  the  industrial  and  scientific  worlds  in  superconducting  technologies  in  general. 
This  acknowledges  the  fact  that  a  market  presently  exists  in  Low  Temperature  Superconduc¬ 
tors.  Second,  Hitachi  wants  to  develop  long  range  projects.  This  includes  participating  in 
national  projects  associated  with  high  temperature  superconductors  and  cooperating  with 
foreign  corporations. 

Innovations  from  the  Hitachi  group  have  been  in  low  temperature  film  formation  by 
plasma  assisted  oxidation  of  Y-Ba-Cu-O  films  (Tg  *  80  *  K)  on  a  450  *  C  substrate  (Dr.  Takagi, 
CRL)  and  tape-shaped  wire  formed  by  drawing  and  rolling  (M.  Okada,  HRL).  With 
densification  and  crystal  orientation  developed  with  rolling  process,  the  critical  current  Jj 
has  exceeded  10,000  A/cm^  at  77  *  K,OT. 

Comments 

In  thinking  about  the  future  of  high  T^  materials  we  have  to  keep  in  mind  that  even  the 
nearest  application  is  at  least  five  years  away,  and  that  the  future  market  for  these  materials 
will  be  limited.  The  application  of  any  new  material  usually  requires  10  years. 

A  key  point  in  new  materials  application  is  reliability  which  requires  not  only  discovery 
but  also  development  of  fabrication  methods  and  extensive  testing.  Finally,  revolutionary 
new  systems  in  which  there  is  substitution  of  a  conventional  system  by  a  new  system  is 
extremely  difficult 


David  Larbalestier  is  L.V.  Shubnikoff  Professor  in  the  Department  of  Materials  Science 
and  Engineering  at  the  University  of  Wisconsin  and  Director  of  the  Applied  Superconductiv. 
ity  Program.  Prior  to  coming  to  Wisconsin  in  1976  he  had  worked  with  superconducting 
magnet  research  in  the  British  High  Energy  Physics  Research  Laboratory,  (the  Rutherford 
Laboratory)  and  developed  filamentary  magnet  conduaors  from  the  brittle  compound 
Nb3Sn.  Working  with  niobium  tin,  niobium  titanium  alloys  and  high  critical  temperature 
oxides,  he  has  assembled  at  Wisconsin  an  extensive  fabrication  facility,  electromagnetic 
characterization  facility  and  has  focused  on  critical  current  density  as  a  key  parameter  in 
advancing  the  technology  of  superconducting  magnets.  In  discussions  of  the  development  of 
superconductivity  he  proposed  that  key  inventions  are  those  of  K.  Onnes,  who  discovered 
superconductivity  and  U  Shubnikoff,  who  discovered  that  alloying  a  pure  metal  extended  the 
critical  field  of  a  superconductor  in  1935.  Shubnikoff,  a  Soviet  Jew,  was  subsequently  sent 
to  prison  and  there  are  relatively  few  references  to  his  work.  Then  in  1960  A.  Kunstler 
discovered  that  niobium  tin  was  able  to  conduct  very  high  current  densities  in  very  high 
fields.  This  made  practical  extremely  high  strength  magnets.  Then,  of  course,  Muller  and 
Bednoiz  discovered  high  temperature  superconductivity  in  1986,  the  seventy-fifth  anniversary 
of  Onnes'  discovery.  At  the  present  time,  having  gotten  over  the  invention  hurdle,  many 
other  factors  are  required  to  develop  the  technology.  The  critical  current  density  is  most 
important  but  it's  also  essential  to  have  satisfaaory  fabricability,  mechanical  properties  and 
price-performance  behavior. 

Professor  Larbalestier  emphasized  the  role  of  the  universities  in  the  development  of 
superconductivity.  First  of  all,  universities  tend  to  define  and  also  diffuse  the  scientific 
culture.  Universities  have  integrated  processing  and  characterization  in  departments  of 
Materials  Science  and  Engineering  and  have  demonstrated  that  interdisdpiinary  approaches 
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are  necessary  in  the  formative  years  of  a  new  technology.  The  feedback  processes  of  a  uni¬ 
versity  culture  enforce  rigorous  thinking  and  experimentation.  Second,  a  number  of  start-up 
companies  have  developed  out  of  university  programs.  In  the  United  States  there  is 
Conductus  which  came  out  of  Stanford/Berkeley,  American  Superconduaor  Corp.  which 
came  out  of  MTI  and  Superconducting  Technologies,  Inc  from  the  University  of  California 
at  Santa  Barbara.  The  small  scale  of  university  research  allows  the  initiation  of  new 
programs  which  can  multiply  by  networking  with  larger  organizations.  Because  superconduc¬ 
tivity  is  a  stimulating  scientific  problem,  and  also  a  complex  one,  new  problems  can  be 
welcomed,  solved  and  then  new  ones  attacked.  However,  there’s  a  very  serious  problem  that 
relates  to  the  criteria  for  tenure  at  universities.  Increasingly,  problems  in  advanced  materials 
are  more  complex  and  inappropriate  for  a  single  investigator.  There  needs  to  be  a  process 
for  evaluating  the  contnbution  that  individuals  make  to  interdisciplinary  programs.  Focusing 
only  on  individuai  recognition  and  tenure  evaluation  fragments  the  capability  of  attacking 
important  complex  problems. 

In  the  innovation  process  managers  who  understand  the  company,  the  technical 
community  and  the  national  objectives  are  essential.  It  is  also  important  that  long  time 
horizons  be  kept  in  mind.  Looking  at  the  development  of  low  temperature  high  performance 
magnets,  the  basic  niobium  titanium  alloy  now  being  used  was  developed  in  1962.  By  1966 
wire  consisting  of  55  niobium  titanium  laments  dispersed  in  copper  had  been  developed 
and  in  subsequent  years  improved  upon  such  that  a  magnetic  resonance  imaging  device 
one  meter  in  diameter  with  a  one  tesla  magnetic  field  was  achieved  in  1982,  a  development 
period  of  about  twenty  years.  In  this  development  previous  innovations  served  as  models  and 
also  as  training  grounds  for  fresh  innovation.  With  regard  to  superconduaor  technology  the 
principle  driving  force  in  the  engine  of  innovation  has  been  the  need  of  user  communiti^, 
principally  high  energy  physics.  Superconducting  magnets  dearly  are  an  exemplar  of  sdence 
driven  technology.  In  this  long  time  frame  the  presence  of  people  having  a  long  time 
commitment  has  mziit  a  significant  difference  in  the  development  of  superconduaors.  Some 
who  come  to  mind  ire  John  Hulm  at  Westinghouse,  David.  Sutter,  the  Depanment  of 
Energy,  Ted  Gabelle  and  Mac  Beasley  at  Stanford,  K.  Tachikawa  at  NIRM/Told  University, 
K.  Yashukochi  at  Neihan  University,  and  S.  Tanaka  at  the  Tokyo  University,  now  ISTEC. 
These  committed  managers  have  maintained  a  long  time  horizon  and  been  important  in 
driving  the  field.  People  do  make  a  difference. 

Larbalestier  suggested  that  it  was  particularly  striking  that  perceived  different 
approaches  are  being  taken  in  the  United  States  and  Japan: 


National 

Commitment 

Level  of  Activity 

Industry  NatH  Labs  Universities 

'  Japan 

High/long  term 

Strong  and  very 

large 

Strong  but  small 
overall 

Widespread  at 
moderate  level  ; 

US 

Fiekle/medium 

term 

Variable  and 
limited  in  scale 

Largest  and  best 
funded 

Widespread  but 
moderate  level  j 

It  seems  dear  that  industry  is  driving  the  field  in  Japan  while  the  simation  in  the  United 
States  is  more  fluid  with  defense  and  space  objectives  and  national  laboratories  having  the 
largest  share  of  available  resources. 

There  have  been  a  number  of  thoughtful  reviews  of  high  temperature  superconductivity 
in  the  last  few  years:  U.S.  Congress,  Office  of  Technology  Assessment,  Commercializing 
High^Temperatures  Superconductivity,  OTA-ITE-BSS,  U.S.  Government  Printing  Office, 
Washington,  DC  June  1988;  Brendan  Barker,  Superconductivity,  Elsevier  Sdence  Publishers, 
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Ltd.,  Oxford,  1989;  Alan  M.  Wolsky,  Robert  F.  Giese  and  Edward  J.  Daniels,  "The  New 
Superconductors:  Prospects  for  Applications",  Scientific  American,  p.  61-69,  February  1990; 
U.S.  Congress,  Office  of  Technology  Assessment,  High-Temperature  Superconductivity  in 
Perspective,  OTA-E-440,  U.S.  Government  Printing  Office,  Washington,  DC,  April  1990; 
M.S.  Dresselhaus,  et  aL,  High  Temperature  Superconductivity  in  Japan,  Japanese  Technology 
Evaluation  Center,  Loyola  College  in  Maryland,  Baltimore,  MD,  November  1989;  and 
others.  These  document  the  development  of  high  temperature  superconductivity  inventions 
and  innovations  in  Japan  and  the  United  States  and  come  to  the  conclusion  that,  starting 
from  the  same  point  in  1986,  progress  with  discovery  and  invention  has  been  approximately 
equivalent.  In  a  field  of  advanced  materials  where  there  has  been  euphoria  about  the 
development  program  and  dedication  to  advancing  research,  we  see  no  evidence  of  a  greater 
creativity  on  either  side,  a  conclusion  with  which  our  conference  participants  concurred.  It 
remains  to  be  seen  how  the  development  of  invention  and  research  innovation  into 
commercial  innovation  and  manufacturing  efiectiveness  comes  to  be  played  out. 

There  may  be  some  indicators  of  long  term  development  in  the  history  of  large-scale 
superconductor  projects.  John  K,  Hulm  (pg,  66  in  JTEC  Panel  Report)  points  out  "It  is  quite 
remarkable  that  large-scale  superconducting  technology  offers  so  many  examples  of  project 
failtire  in  the  United  States  (i.e.,  the  Isabel  accelerator  at  Brookhaven  which  was  abandoned 
after  much  of  the  tunnel  was  constructed  anci  a  helium  liquifier  installed,  the  mirror  fusion 
test  facility  at  Livermore  which  was  abandoned  after  construction  of  a  large  superconducting 
magnet,  the  superconducting  transmission  line  project  at  Brookhaven,  and  the  ERPI- 
Westinghouse  superconductor  generator  which  was  abandoned  after  partial  rotor 
construction)  and  almost  no  similar  incidence  in  Japan".  As  described  above  by  Professor 
Kltazawa,  there  were  extensive  informal  discussions  and  consensus  building  in  Japan  before 
a  government-industry  consortium  and  government  programs  for  the  development  of 
magnetic  levitation  and  of  superconduaor  generators  were  put  in  place  with  long  range 
planning.  In  contrast  the  1990  repon  of  the  National  Commission  on  Superconductivity  in 
the  United  States  suggests  "A  di^dvantageous  business  environment  in  the  United  States, 
rooted  in  high  interest  rates,  unfavorable  tax  policy,  antiquated  antitrust  laws,  and  other 
factors,  discourages  U.S.  industry  from  investing  in  high  risk  technologies  such  as 
superconductivity....The  Commission  supports  the  efforts  of  the  Defense  Advance  Research 
Products  Agency  (DARPA)  to  develop  conductor  technologies  because  of  the  convincing 
advantage  that  superconductors  provide  for  military  requirements  and  the  beneficial  spin-off 
they  will  have  on  the  commercial  sector".  DARPA  has  been  the  principal  U.S.  agency 
sponsoring  superconductivity  research  which  in  the  United  States  is  focused  on  electronic 
defense  and  space  applications.  Depending  on  beneficial  spin-off  for  commercial  innovations 
and  manufacturing  Imow-how  would  seem  to  be  a  risky  proportion. 
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LOW  PRESSURE  DIAMOND  SYNTBQESIS 


The  high  hardness  and  the  high  refractive  index,  which  gives  the  diamond  an  extraordi¬ 
nary  brilliance  together  with  a  high  dispersion  that  gives  their  fire,  have  made  diamonds  a 
popular  and  valuable  gemstone.  Because  of  their  extreme  hardness,  the  hardest  material 
known,  there  are  many  important  industrial  uses  for  diamonds  as  abrasive  grit  and  cutting 
tools  with  a  world  market  of  about  one  billion  dollars.  Diamond  is  not  only  the  hardest 
material  known,  but  has  the  highest  thermal  conductivity  at  room  temperature,  is  an 
excellent  electrical  insulator,  is  totally  inert  and  is  transparent  to  ultraviolet,  infrared  and 
x-rays  as  well  as  visible  light.  Diamond  has  the  highest  elastic  modulus  of  any  known 
material,  it  is  the  most  incompressible  substance  known  and  it  has  a  relatively  low  thermal 
expansion  coefficient  which  gives  it  a  good  resistance  to  thermal  shock.  As  a  doped 
semiconductor  material,  it  may  have  several  advantages  over  silicon  for  electronic  devices. 
With  respect  to  many  of  its  properties  diamond  is  superior  to  all  other  materials. 

Because  of  its  unique  properties,  there  have  been  efforts  to  produce  synthetic  diamonds 
for  more  than  a  century.  A  Scottish  chemist,  James  Ballantyne  Hannay,  reported  that  he  had 
made  diamonds  in  1880  by  heating  paraffin,  bone  oil  and  lithium  in  se^ed  iron  tubes.  In 
1893  the  French  chemist,  Henri  Moissan  claimed  that  he  had  made  diamonds  from  a 
mixture  of  carbon  and  iron  heated  to  a  veiy  high  temperature  and  quenched  into  a  water 
bath.  However,  it  was  not  until  1955  that  F.P.  Bundy,  H.T.  Hall,  H.M.  Strong  and  R.  H. 
Wentorf;  Jr.  announced  successful  grovith  of  diamonds  at  high  pressure  and  high 
temperature  at  the  General  Electric  Company.  Graphite  in  the  presence  of  a  liquid  metal 
solvent  such  as  iron  or  nickel  was  brought  to  a  temperature  and  pressure  range  where 
diamond  is  the  thermodynamically  stable  phase,  where  crystals  nucleate  and  grow.  The 
method  is  used  commercially;  diamonds  are  formed  at  a  temperature  of  about  1500 ‘C  and 
a  pressure  of  about  60,000  atmospheres.  More  recently,  diamond  films  have  been  produced 
at  low  pressures  by  chemical  vapor  depositioiL  This  low  pressure  process  has  been  used  to 
make  commercial  products  such  as  wear  resistant  coatings  for  cutting  tools,  heat  sinks  for 
sensitive  electronic  devices,  high  elasticity  films  for  tweeters  in  stereo  speakers  and  as 
windows  in  scientific  instruments.  It  can  properly  be  described  as  a  nascent  industiy,  one 
with  great  potential  for  the  future. 

The  story  of  low  pressure  diamond  synthesis  clearly  illustrates  that  discovery,  invention 
and  iimovation  are  socio-technical  processes  strongly  influenced  by  extratechnical  social, 
cultural  and  personal  influences.  As  reported  by  Angus  below,  several  people  conceived  of 
producing  diamonds  by  deposition  from  the  vapor  phase  during  the  1950’s.  William  G. 
Eversole  at  the  Union  Carbide  Corporation  began  his  work  in  1949,  achieved  successful 
growth  of  diamond  on  diamond  seed  crystals  in  1952  and  applied  for  patents  that  were 
issued  in  1962.  The  rate  of  growth  was  very  low  (less  than  0.1  micrometer  per  hour).  There 
is  an  1956  author’s  certificate  on  Russian  work  by  B.V.  Deijaguin  and  B.  V.  Spit^  for 
similar  results.  (But  this  did  not  see  the  light  of  day  until  1980  and  thus  had  no  influence 
on  the  developing  story  outside  Moscow).  Eversole’s  work  was  stopped  primarily  because 
of  the  success  of  the  General  Electric  Company  high  pressure  high  temperature  synthesis 
announced  in  1955.  Later,  John  C.  Angus  took  up  the  Eversole  work,  meeting  personally 
v.ith  Eversole  to  learn  details  of  his  worlc,  and  improved  the  process  with  the  use  of  atomic 
hydrogen  to  remove  graphite  and  prepare  the  surface  for  subsequent  diamond  growth.  This 
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work  was  published  in  the  Journal  of  Applied  Physics  in  1963  and  placed  the  innovative 
research  accomplishment  squarely  in  the  public  domain.  Angus  has  been  a  continuing 
participant  in  the  development  of  CVD  diamond  synthesis  and  his  perceptions  of  the 
innovation  follow: 


INNOVATIONS  IN  THE  CHEMICAL  VAPOR  DEPOSITION  OF  DIAMOND: 
PERCEPTIONS  OF  A  PARTICIPANT 


John  C.  Angus,  Case  Western  Reserve  University 


Introduction 

The  chemical  vapor  deposition  of  crystalline  diamond  at  atmospheric  and  sub- 
atmospheric  pressures  has  become  one  of  the  most  active  fields  in  materials  science.  This 
great  interest  is  driven  by  the  extreme  properties  of  diamond,  which  can  now  be  obtained 
as  a  coating  on  diverse  substrates  by  using  relatively  simple,  low  pressure  processes.  In  this 
paper  I  will  present  the  impressions  of  a  participant  in  the  development  of  this  technology. 
I  focus  primarily  on  the  early  barriers  to  innovation  in  the  field.  The  paper  will  reflect 
my  own  experience  and  is  not  meant  to  be  a  comprehensive  history  of  the  field  of  low 
pressure  diamond  growth. 

Earliest  Work  on  Diamond  Chemical  Vapor  Deposition:  194(Hs  and  195(Hs 

The  most  significant  early,  sustained  effort  at  growing  diamonds  at  low  pressures  was 
that  of  William  G.  Eversole  at  the  Union  Carbide  Corporation.  This  work  was  staned  in 
1949  and  the  first  successful  growth  of  diamond  seed  crystals  was  achieved  in  November  of 
1952  (1).  It  is  remarkable  that  Eversole  successfiiUy  synthesized  diamond  before  either  of 
the  high  pressure  syntheses  by  ASEA  in  Sweden  and  by  General  Electric  in  the  United 
States. 

During  the  1940’s  a  group  at  the  General  Electric  Corporation  also  attempted  to  grow 
diamond  at  low  pressures.  Little  has  been  published  of  these  efforts  (2). 

In  1956  Boris  Spitsyn  proposed  the  growth  of  diamond  at  low  pressures  through  the 
thermal  decomposition  of  carbon  tetraiodide  (3).  Apparently,  this  proposal  was  made  while 
he  was  a  smdent  at  the  Physical  Chemistry  Instimte  in  Moscow.  In  1959,  this  writer,  while 
a  graduate  smdent  at  the  University  of  l^chigan,  also  proposed  that  diamond  could  be 
grown  at  low  pressures  where  it  is  the  metastable  phase  (4). 

As  far  as  known,  each  of  these  four  above  proposals  for  growing  diamond  at  low 
pressures  arose  independently,  without  knowledge  of  the  other  efforts.  This  writer  came 
upon  the  idea  after  smdying  the  theory  of  supercooling  and  metastable  phases  during  a 
graduate  materials  science  course. 

With  the  current  intense  level  of  activity  in  diamond  chemical  vapor  deposition,  it  is 
somewhat  difficult  to  imagine  the  simation  as  it  existed  in  the  early  1960’s.  There  was  no 
known  activity  in  the  field  anywhere.  No  publications  bad  arisen  from  the  General  Electric 
effort  and  the  Soviet  group  under  the  direction  of  Deijaguin  had  not  yet  published.  There 
were,  however,  numerous  patents  on  low  pressure  diamond  growth  that  had  been  issued  in 
the  United  Stmes  and  abroad.  In  retrospect,  the  most  important  were  clearly  those  issued 
to  Eversole  in  1962  (5).  Other  patents  of  interest  were  issued  to  Brinkman  (6)  and 


141 


libshman  (7).  In  addition  to  these  serious  attempts  at  diamond  growth,  there  were  some 
)bviously  absurd  patents  as  well.  Perhaps  the  most  amusing  is  the  claim  that  diamonds  can 
le  grown  by  converting  the  carbon  in  a  bicycle  tire  by  spinning  it  sufficiently  rapidly  that  the 
entrifugal  forces  spontaneously  convert  the  graphite  into  diamond. 

(arriers  to  Innovation 

There  were  several  very  significant  barriers  which  held  back  the  development  of  low 
iressure  diamond  growth.  The  first,  and  not  often  appreciated  barrier,  was  the  enormous 
access  of  the  synthesis  of  diamond  at  high  pressures,  Le.,  where  it  is  the  thermodynamically 
table  phase.  The  success  of  the  high  pressure  program  had  the  effea  of  kiU^g  off  the 
lascent  low  pressure  programs  in  development  at  Union  Carbide  and  General  Electric. 

The  second  major  barrier  facing  workers  in  the  field  was  the  misapplication  of 
hermodynamic  theory  to  the  problem  of  diamond  growth.  There  was  a  widespread  feeling 
hat  the  growth  of  diamond  at  pressures  where  it  is  the  metastable  phase  was  somehow 
hermodynamically  forbidden.  Tbds  is  certainly  a  strange  argument  coming  ffom  beings  who 
hemselves  are  metastable  objects.  The  successful  application  of  equilibrium  thermodynamic 
heory  to  the  high  pressure  process  enhanced  the  belief  that  diamond  could  only  be  grown 
It  high>pressures.  It  should  be  pointed  out,  however,  that  the  most  sophisticated  observers 
/ere  under  no  illusions  on  this  point  Professor  Percy  Bridgman,  the  father  of  high  pressure 
dence,  was  quite  dear  in  noting  that  diamond  or  any  metastable  phase  could  be  made  if 
he  kinetic  barriers  to  more  stable  phases  were  suffidently  high  (8).  Also,  J  J.  Lander  of  the 
lell  Telephone  Laboratories  in  1966,  based  on  his  care^  low  energy  electron  diffraction 
aeasurements  on  diamond,  conduded  that  epitaxial  growth  of  diamond  at  low  pressures  was 
.  distinct  possibili^  (9).  Despite  the  observations  of  Bridgman,  Lander  and  others,  the 
trong  perception  remained  that  it  would  only  be  possible  to  grow  diamond  where  it  was  the 
hermodynamically  stable  phase. 

A  third  serious  barrier  which  had  to  be  overcome  was  the  very  low  growth  rates 
chieved  by  the  early  workers.  It  was  held  by  many  observers  that,  even  though  it  was 
ossible  to  grow  diamond  at  low  pressures,  it  would  never  be  possible  to  increase  the  growth 
ates  to  the  point  to  where  a  practical  diamond  synthesis  process  could  be  achieved.  They 
rgued  that  at  carbon  supersaturadons  suffident  for  practical  diamond  growth  rates,  the 
udeation  and  growth  rates  of  graphite  would  be  even  greater.  This  was  not  an  argument 
hat  could  be  dismissed  by  theoretical  arguments.  One  had  to,  in  fact,  find  conditions  at 
rhich  graphite  nudeation  and  growth  was  suppressed  suffidently  to  permit  the  growth  of 
iamond  at  reasonable  rates. 

There  were  some  unfortunate  institutional  barriers  which  hindered  development  of 
iamond  CVD  during  the  1960’s  and  1970’s.  The  political  situation  in  the  Soviet  Union  was 
ich  that  the  leading  Soviet  workers  in  Professor  Deijaguin’s  group  could  not  openly  discuss 
leir  results.  This  writer  visited  the  Soviet  Union  in  1971  and  presented  a  paper  at  an 
itemational  diamond  conference  in  Kiev  (10).  In  this  paper  we  described  the  use  of  a  hot 
mgsten  filament  to  generate  atomic  hydrogen  for  the  removal  of  graphite  from  a  diamond* 
rapfaite  mixture  and  for  the  subsequent  surface  treatment  of  the  diamond  for  further 
rowth.  At  the  time,  the  Soviet  group  was  using  atomic  oxygen  for  removing  graphitic 
eposits.  The  Soviet  workers  eventually  used  atomic  hydrogen,  not  only  in  a  cyclic  etching 
rocess,  but  also  during  the  growth  part  of  the  process  as  welL  This  was  a  critical  discovery 
tading  to  the  chemical  vapor  deposition  of  diamond  at  high  rates  (11).  Unfortunately,  the 
etails  of  this  research  were  not  divulged.  It  is  highly  probable  that  if  open  communication 
f  results  had  been  possible  at  that  time  by  the  Soriet  group,  the  field  of  low  pressure 
iamond  growth  would  have  developed  about  a  decade  earlier  than  it  actually  did 

Another  problmn  which  influenced  the  rate  of  development  of  low  pressure  diamond 
rowth  was  the  unfortunate  polywater  episode  which  occurred  about  1970.  The  announce* 
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ment  and  subsequent  retraction  of  the  discovery  of  polywater. by  the  same  research  group 
that  was  simultaneously  announcing  low  pressure  diamond  growth,  generated  an  enormous 
amount  of  skepticism  and  doubt  about  the  validity  of  any  low  pressure  diamond  claims. 

Finally,  the  reluctance  of  U.S.  corporations  to  commit  resources  to  high  risk,  but 
potentially  high  payoff  projects  was  a  very  serious  barrier.  No  effort  of  the  scale  or  length 
of  either  the  Japanese  or  Soviet  efforts  was  ever  mounted  in  the  U.S. 

Overcoming  the  Barriers 

In  the  early  1960's  the  field  was  moribund.  The  efforts  at  Union  Carbide  and  General 
Electric  had  been  abandoned.  The  only  literature  on  the  subject  was  a  short  description  of 
the  General  Electric  effort  by  Guy  Suits  (2),  the  electron  dif^ction  experiments  of  Lander 
(9)  and  patents  including  those  of  Eversole  (5),  Brinkman  (6),  Hibshman  (7)  and  others. 
After  reviewing  the  earlier  work,  and  meeting  with  some  of  the  principals,  in  particular 
Eversole  and  Hibshman,  we  concluded  that  the  chemical  vapor  deposition  from  hydrocar¬ 
bons  was  the  method  most  likely  to  succeed.  We  decided  that  in  order  to  renew  the  field 
it  would  be  necessary  to  obtain  absolutely  convincing  experimental  proof  of  low  pressure 
diamond  growth  of  the  quality  that  could  appear  in  a  peer  reviewed  joumaL  Support  for  this 
effort,  as  a  "blue-sky"  project,  was  obtained  from  Richard  F.  Comelissen  of  the  Air  Force 
Cambridge  Research  Laix)ratories.  The  first  goal  of  reproducing  Eversole’s  work  was 
achieved  by  the  mid  1960’s  (12).  As  a  further  means  of  proving  that  new  diamond  was  being 
grown,  we  added  diborane  to  the  gas  phase.  P-type,  semiconducting  blue  diamond  was 
obtained  during  diamond  growth,  but  no  conductivity  was  achieved  by  annealing  under 
diborane  alone  (10,13). 

Our  work  alM  made  it  clear  that  hydrogen  played  a  critical  role  in  the  diamond  grov.th 
process  (14).  Hie  presence  of  molecular  hydrogen  dramatically  slowed  down  the 
spontaneous  nudeation  and  co-deposition  of  graphite  during  diamond  growth.  However, 
molecular  hydrogra  by  itself  was  not  enough  to  completely  suppress  graphite  growth.  John 
Forgac,  a  graduate  student  in  our  group  spent  a  very  sig^cant  effort  on  performing  the 
diamond  CVD  at  super-atmospheric  pressures,  up  to  10  atmospheres.  Hiis  method  of 
increasing  the  diemi<^  potential  of  hydrogen  did  not  result  in  increased  diamond  growth 
rates.  Much  of  this  work  is  unpublished.  We  used  hot  tungsten  filaments  for  generating 
atomic  hydrogen  which  was  used  to  clean  off  graphitic  deposits  from  the  diamond  after 
growth.  The  atomic  hydrogen  also  rationalized  and  prepared  the  diamond  surface  for  the 
next  growth  cycle.  However,  our  group  did  not  use  atomic  hydrogen  during  the  growth 
process.  A  dracwing  of  an  early  hot  filament  used  in  our  research  is  shown  in  Fig.  1.  Our  use 
of  a  hot  filameixt  to  produce  atomic  hydrogen  arose  from  the  experience  of  Nelson  C 
Gardner,  who  used  the  method  for  cleaning  field  emission  tips  during  his  graduate  work  at 
Iowa  State  University. 

It  was  possible  to  obtain  support  for  these  high  risk  studies  during  the  late  60’s  and  early 
70’s.  In  addition  to  the  grant  from  the  Air  Force  Cambridge  Research  Laboratories  our 
research  on  diamond  was  funded  by  the  Advanced  Research  Projects  Agency  (ARPA)  of 
the  Defense  Department  and  by  the  National  Science  Foundation  under  its  hard  materials 
program.  We  were,  however,  unable  to  develop  a  long  term,  large  scale  development  effon 
to  permit  a  more  complete  exploration  of  the  parameter  space.  U.S.  corporations  that  were 
approached  were  umziterestecL  The  ARPA  effort  eventually  was  terminated,  apparently 
because  of  a  belief  that  the  process  would  never  become  practicaL 

The  great  acfaievmnent  of  the  Soviet  group  was  to  use  atomic  hydrogen  during  growth 
(11).  This  permitted  much  higher  growth  rates  and,  perhaps  of  equal  importance,  it 
permitted  the  nudeation  of  new  diamond  crystallites  on  non-diamond  substrates.  The  use 
of  atomic  hydrogen  was  also  mentioned  in  other  papers  from  the  Soviet  group  during  the 
197ffs  and  early  1980’s  as  well  (15).  The  experimental  method,  however,  was  not  revealed. 
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Fig.  1.  Drawing  of  early  apparatus  for  producing  atomic  hydrogen  for  cleaning  co-deposited  graphite  from 
diamond. 


It  is  not  known  with  certainty  which  of  the  Soviet  workers  is  primarily  responsible  for  this 
development,  but  it  is  believed  that  B.  Spitsyn,  V.  Vamin,  L.1I  Builov  and  D.  Fedoseev  all 
played  roles  in  the  discovery. 

A  Japanese  group  at  the  National  Institute  for  Research  in  Inorganic  Materials 
(NIRIM),  under  the  direction  of  Nobuo  Setaka,  started  a  major  effort  on  the  chemical  vapor 
deposition  of  diamond  in  1974.  They  developed  several  methods  for  growing  diamonds  in 
the  presence  of  atomic  hydrogen  at  high  growth  rates  (16).  Their  seminal  papers  on  the  use 
of  hot  tungsten  filaments  and  miaowave  discharges  for  growing  diamond  films  were 
sufficiently  detailed  to  permit  other  workers  to  duplicate  their  results.  These  remarkable 
results  mark  the  beginning  of  the  current  development  of  low  pressure  diamond  technology. 
The  majority  of  current  research  efforts  in  the  world  today  can  be  traced  directly  to  the 
NIRIM  effort. 

It  is  important  to  recognize  that  the  Japanese  effort  went  a  full  seven  years,  from  1974 
to  1981,  before  any  positive  results  were  obtained.  There  was  significant  pressure  to  abandon 
the  project  (17).  Several  factors  appear  to  have  played  a  role  in  permitting  such  a  long 
development  effort.  The  first  is  the  institutional  climate  in  Japan,  which  does  not  require 
such  immediate,  short  range  payoffs  as  in  this  country.  The  second  was  the  published  results 
from  the  American  and  Soviet  groups.  Finally,  the  low  pressure  diamond  project  was 
embedded  in  a  group  which  was  achieving  successful  results  in  the  high  pressure  synthesis 
of  diamond. 

Residue  from  the  Past 

Despite  the  enormous  progress  in  the  past  decade  since  the  announcement  of  the 
NIRIM  results,  there  is  still  strong  resistance  to  further  innovations  in  this  field.  For 
example,  virtually  all  research  groups  are  still  using  vapor  phase  chemical  vapor  deposition 
from  hydrocarbons.  A  great  majority  of  workers  are  using  simple  variations  of  the  methods 
revealed  by  Sato,  Kamo,  Matsumoto  and  Setaka  in  their  earliest  papers  (16).  Although  the 
temperature,  pressure  and  composition  ranges  have  been  expanded  significantly,  little  effort 
has  been  expended  on  completely  novel  growth  methods.  TTie  use  of  combustion  methods 
for  growing  diamond  (18)  and  the  introduction  of  fluorine  chemistry  into  the  growth  process 
(19)  are  exceptions  to  this  rather  negative  assessment.  Many  of  the  possible  processes  for 
low  pressure  diamond  deposition  proposed  during  the  1950’s  and  1960’s  have  yet  to  be 
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explored  in  depth.  Perhaps  the  most  obvious  example  is  the  growth  of  diamond  whisl;ers  by 
a  vapor-liquid-solid  process  using  molten  iron.  In  fact,  this  was  the  method  used  by 
Derjaguin  in  his  first  publication  on  low  pressure  diamond  growth  (20).  It  certainly  warrants 
further  research.  Also  the  intriguing  results  of  Cherian  and  Patel  on  the  recrystallization  of 
diamond  from  nickel  containing  molten  salts  at  atmospheric  pressure  have  received  little 
attention  (21). 

Summary 

The  development  of  low  pressure  diamond  technology  was  not  a  simple  linear 
progression  from  the  original  inception  of  the  idea  to  the  present  simation.  lliere  were 
numerous  false  starts,  dead-ends  and  feedback  loops  in  the  historical  process.  A  somewhat 
oversimplified  "road-map"  of  some  of  the  major  milestones  in  the  evolution  of  low  pressure 
diamond  technology  is  shown  in  Fig.  2.  It  should  be  emphasized  that  the  technology  is  still 
immature  and  some  of  the  paths  marked  "dead  end"  surely  warrant  additional  attention. 

The  major  barriers  that  had  to  be  overcome  for  the  development  of  low  pressure 
diamond  technology  were:  1)  the  success  of  diamond  synthesis  at  high  pressure,  2)  the 
mistaken  perception  that  it  was  thermodynamically  forbidden  to  grow  diamond  at  low 
pressures,  3)  the  belief  that  the  simultaneous  nucleation  and  growth  of  graphite  would 
always  preclude  high  rate  growth  of  diamond  at  low  pressures,  4)  institutional  barriers  for 
communication  by  Soviet  scientists  during  the  1960’s  and  1970’s  and  5)  the  association  of 
low  pressure  diamond  growth  with  the  polywater  episode. 
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Recreations  of  technological  innovations  tend  to  be  much  like  recreations  of  research 
reported  in  technical  journals.  In  both  cases  the  activities  are  cast  in  a  rational  form  that 
does  not  represent  the  stumbling,  uncertain  and  often  confused  reality.  Fig.  2  is  important 
in  its  depiction  of  something  closer  to  what  actually  happened.  As  Angus  notes,  Russian 
research  in  which  atomic  hydrogen  was  employed  during  the  growth  process  allowed  the 
successful  deposition  of  diamond  films  on  a  variety  of  different  substrates.  This  result  was 
widely  available  in  the  West  through  publications  of  B.V.  Spitsyn,  L.L.  Builov  and  B.V. 
Derjaguin  (J.  Cyst  Growth  52,  219-226,  1981),  but  that  report  did  not  describe  the 
experimental  apparatus  or  conditions  in  sufficient  detail  that  the  work  could  be  easily 
repeated.  Acceptance  of  this  achievement  was  also  affeaed  by  Deijaguin’s  earlier  role  in 
annoimdng  the  discovery  of  a  new  form  of  water  (polywater)  which  initially  aroused  much 
excitement  and  resulted  in  more  than  200  publications  before  the  purponed  "discovery”  was 
shown  to  be  an  impurity  effect  This  episode  caused  a  good  deal  of  embarrassment  for  the 
early  enthusiasts  and  certainly  made  the  scientific  community  wary  of  further  Derjaguin 
claims. 

The  research  program  on  low  pressure  diamond  synthesis  at  the  Japanese  National 
Institute  for  Research  on  Inorganic  Materials  at  Tsukuba  Science  City  was  part  of  a  larger 
program  that  also  included  high  pressure  high  temperature  diamond  syrithesis.  It  had  been 
slogging  along  since  1974  and  took  up  the  atomic  hydrogen  growth  process  invented  by  the 
Russians.  This  resulted  in  very  rapid  progress  using  hot  tungsten  filaments  and  microwave 
discharges  for  growing  diamonds  on  a  variety  of  substrates  at  relatively  rapid  rates,  about 
1  micrometer  per  hour.  These  accomplishments  were  published  in  English  language  journals 
beginning  in  1982  (Jpn  J.  AppL  Physics  21,  L183-185,  1982)  and  soon  thereafter  in  widely 
read  American  journals  (/.  Mat  Sd.  17,  3106,  1982;  /.  Cryst  Growth  62,  642,  1983).  The 
Japanese  researchers  described  their  apparatus  techniques  and  results  in  sufficient  detail 
that  the  work  could  readily  be  reproduced  in  other  laboratories.  These  results  and 
publications  constimted  the  completion  of  the  research  innovation  that  had  been 
commenced  with  the  Russian  work  and  opened  the  floodgates  to  subsequent  events.  Dr. 
Nobuo  Setaka,  now  Director  General  of  NIRIM  and  Drs.  Yoichiro  Sato  and  Mutsukazu 
Kamo  describe  NlRlM  philosophy  and  its  diamond  CVD  research: 


CERAMIC  INNOVATION  AT  NIRIM 


Nobuo  Setaka,  Direaor  General,  Nadonal  Institute  for  Research  in  Inorganic  Materials 


I  think  that  we  are  required  to  carry  out  interdisciplinary  smdies  and  to  study  material 
synthesis  in  order  to  promote  innovations  in  the  field  of  ceramics.  These  studies  are  very 
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important  for  developing  materials  science.  The  research  organization  and  research  attitude 
at  NIRIM  are  particularly  suited  to  these  studies. 

NIRIM  has  been  organized  with  a  special  research  system  since  its  establishment 
Researchers  are  organized  within  research  groups  in  a  way  unique  to  NIRIM.  In  its 
organization  NIRIM  is  different  from  other  National  Institutes  in  Japan. 

The  system  has  these  features: 

1)  A  materials  name  is  given  to  each  research  group. 

2)  Each  group  consists  of  about  seven  researchers  including  different  fields  of 
specialization.  For  example:  ceramist,  chei.'.ist,  physicist  and  mineralogist  and  so  on. 

3)  The  research  period  for  a  research  group  is  set  at  5  years.  At  the  end  of  this  research 
period,  the  group  is  dissolved  and  a  new  research  group  is  organized  with  a  new  theme. 

With  these  groups  a  flexible  organizational  matrix  is  formed.  One  axis  is  the 
organization  of  the  director,  the  administration  and  the  research  group  structure.  The  other 
axis  is  a  special  study  field.  It  is  thus  easy  to  achieve  cooperation  among  researchers  beyond 
the  limits  of  a  particular  group;  such  cooperation  has  naturally  occurred  between  groups  in 
NIRIM. 

The  research  attitude  in  NIRIM  is  first  to  synthesize  ceramics  and  then  to  develop  new 
methods  for  synthesizing  ceramics.  The  synthesis  of  advanced  materials  and  the  development 
of  new  methods  are  main  themes  in  each  research  group  as  well  as  the  evaluation  of 
physical  properties  of  materials.  The  researchers  m  NIRIM  recognize  that  studies  with 
relation  to  synthesis  are  of  central  importance  for  promoting  materials  science  and 
iimovation  in  the  ceramic  field.  However,  it  is  not  easy  to  synthesize  advanced  materials; 
there  is  no  guiding  principle  for  synthesizing  advanced  materials.  It  takes  a  long  time  but 
the  research  period  in  NIRIM  is  around  5  years.  Therefore,  we  are  able  to  tackle  risky 
problems  with  some  confidence. 


FROM  DREAM  TO  TECHNOLOGY 


Yoichiro  Sato  and  Mutsukazu  Kamo,  National  Institute  for  Research  in  Inorganic  Materials 


Introduction 

At  the  initial  stage  of  our  research  program,  we  did  not  necessarily  expect  that  our 
program  would  have  an  outcome  which  might  be  considered  as  an  innovation,  i.e.,  an 
outcome  of  great  practical  importance.  We  wished  for  that,  naturally,  and  we  appreciated 
the  possibility  of  electronic  and  optical  applications.  However,  we  would  have  felt  very  much 
rewarded  if  our  results  had  been  such  that  they  could  have  had  an  impact  on  those  who  are 
interested  in  crystal  growth,  whether  of  experimental  or  theoretical  background.  To  show 
unambiguous  experimental  evidence  of  diamond  growth  was  the  most  essential  part  of  our 
initial  program. 

In  view  of  the  central  subject  of  the  Conference,  we  will  try  first  of  all  to  point  out  what 
may  be  considered  as  innovation.  Then,  we  will  describe  briefly  our  own  view  of  our 
situation  within  the  institution  and  how  we  could  continue  working  in  this  field.  A  brief 
comment  will  also  be  given  to  the  influence  of  some  of  the  previous  pioneering  works  on 
our  own  achievements. 


148 


Innovative  Factors  in  Diamond  CVD 

First,  innovation  brought  about  by  the  currently  adopted  chemical  vapor  deposition 
(CVD)  techniques  will  be  discussed  in  a  general  sense,  and  then  the  contributions  of  NIRIM 
may  be  suggested. 

Innovation  in  Diamond  Synthesis 

The  most  important  features  of  the  current  CVD  techniques  may  be  summarized  as; 

1)  Nucleation  of  diamond  is  feasible  on  various  materials. 

2)  Growth  rate  is  reasonably  fast. 

^cause  of  1),  we  may  refer  to  the  deposition  of  diamond  CVD  as  "^thesis"  of 
diamond  from  the  gas  phase.  Historically,  most  of  the  attempts  to  grow  diamond  from  the 
gas  phase  have  been  directed  to  the  "growth”  of  diamond  on  diamond  seed  crystals.  If 
nucleation  is  not  possible  and  only  "growth”  is  feasible,  CVD  will  find  only  limited 
applications.  The  point  2)  is  important  for  practical  application  and  has  been  pointed  out 
in  an  important  paper  by  B.V.  Spitsyn  et  al  (1)  in  which  the  growth  features  anl  properties 
of  diamond  are  described  in  great  detail  together  with  discussion  of  the  growth  concept. 

Other  irmovitive  factors  may  be  derived  from  a  comparison  with  conventional  high 
pressure  techniques  (3): 

3)  Most  of  the  CVD  reactors  are  simple  in  construction  and  operation. 

4)  In  principle,  there  is  no  limitation  to  the  size  of  deposition  area. 

5)  The  CVD  techniques  are  supposed  to  have  better  capability  for  impurity  control. 

TTie  feature  2)  favors  faster  and  wider  spread  of  the  technology  and  4)  should  be  a  great 

advantage  for  the  fabrication  of  electronic  devices  or  light  emitting  devices. 

Contribution  of  NIRIM 

The  principle  contributions  of  our  earlier  works  published  in  the  years  1982-1983  (3,4) 
may  be  summarized  as: 

a)  Use  of  CVD  reactors  equipped  with  gas  flow  systems. 

b)  Introduction  of  Raman  spectroscopy  as  a  means  of  characterization  of  the  depos¬ 
its. 

c)  Mechanical  surface  treatments  of  substrates  to  increase  nucleation  density  in  order 
to  form  films. 

Explanation  of  the  background  may  be  necessary  for  a).  Flow-type  gas  supplying 
systems  are  most  common  in  various  CVD  reactors,  but  we  had  some  discussion  as  to 
whether  we  should  adopt  the  chemical  transport  system  which  B.V.  Spittyn  et  al  had 
employed  (1).  They  stressed  the  growth  rate  advantage  of  the  chemical  transport  system  over 
conventional  CVD  techniques.  Not  much  time  was  spent,  though,  before  concluding  that 
flow  systems  would  have  an  advantage  over  closed  systems  in  maintaining  gas  purity  and  in 
controlling  gas  composition,  gas  supplying  rate  and  impurity  doping  conditions. 

Although  b)  is  no  iimovation  to  the  CVD  method  itself,  it  should  be  considered  to  form 
an  important  part  of  the  overall  innovation  of  diamond  CVD  technology  as  a  whole. 
Application  of  Raman  spectroscopy  to  the  characterization  of  diamond,  in  the  authors’  view, 
has  played  a  key  role  in  attaining  technical  developments  for  synthesizing  high  quality 
diamond  by  CVD  (5,  6)  in  a  relatively  short  period  of  time.  Raman  spectroscopy  proved  to 
be  a  sensitive  tool  to  detect  non-diamond  structures  in  the  deposits,  which  are  rather  hard 
to  detect  by  X-ray  or  electron  diffraction.  There  are  reasons  to  believe  that  it  will  remain 
an  important  tool.  It  should  be  noted  that  "what  cannot  be  detected  cannot  be  controlled." 

Another  by-player,  important  but  clumsy,  is  the  mechanical  surface  treatment  given  in 
c).  Scratching  of  the  substrate  surface  by  hard  abrasive  powders,  typically  diamond,  is  the 
procedure  we  adopted.  It  can  attain  a  nucleation  density  of  about  10’  nuclei/cm^  which 
enables  us  to  prepare  polycrystalline  films  of  submicron  thickness  but  no  less.  Various 
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modifications  have  been  developed,  but  most  of  them  are  as  clumsy  as  our  own. 

Breakthroughs  which  produce  much  higher  nucleation  density  without  tw^rhanjral 
treatments  are  looked  for. 

We  have  recognized  the  importance  of  various  technical  subjects  which  are  more  or  less 
common  to  various  applications.  Most  of  the  most  recent  work  at  NIRIM  is  direrted  toward: 

1)  Control  of  defects  and  impurities,  2)  control  of  nucleation  density,  3)  low  temperature 
synthesis,  4)  high  speed  growth,  5)  homogeneous  film  formation  over  a  large  area,  6) 
epitaxial  growth  on  non-diamond  substrates  and  7)  homogeneous  nucleation. 

Situation  at  NIRIM 

The  program  of  diamond  CVD  was  considered  seriously  for  the  first  time  at  NIRIM  in 
early  1973  and  the  program  was  initiated  in  1974,  as  a  part  of  the  program  of  Diamond 
Group  under  Nobuo  Setaka,  present  director  of  NIR  IM,  to  be  continued  for  a  period  of  five 
years  1974-1978.  The  subgroup  working  on  the  CVD  program  consisted  of  three  members. 
In  the  first  five  years,  substantial  progress  was  achieved  by  the  other  subgroup  for  high 
pressure  synthesis,  in  cooperation  with  High  Pressure  Station  in  NIRIM.  Because  of  this 
achievement,  the  Diamond  Group  continued  another  five  years,  1979-1983,  with  the  same 
staff. 

Successes  in  depositing  diamond  on  non-diamond  substrates  at  NIRIM  were  achieved 
in  1981-1982.  Almost  eight  years  had  elapsed  from  the  beginning  of  the  program. 

Our  own  understanding  of  the  positive  factors  within  the  institution  that  have  led  to  the 
successes  may  be  summarized: 

1)  The  subject  seemed  to  be  worth  challenging:  this  recognition  enabled  continued 
efforts  to  proceed. 

2)  High-pressure  and  CVD  staffs  were  in  the  same  group: 

This  led,  first  of  all,  to  the  survival  of  the  Group.  Communication  among  co-workers 
helped  all  to  have  knowledge  of  diamond  ^thesis  in  general  and  to  have  a  deeper 
understanding  of  the  high  pressure  synthesis.  For  example,  the  “C  enriched  diamond  sii^e 
crystals  necessary  for  CVD  research  were  supplied  by  our  high-pressure  colleagues. 

3)  Budget  condition  was  not  good,  but  some  of  the  useful  apparatus  was  made 
accessible  to  the  CVD  staff  thanks  to  the  kindness  of  colleagues: 

This  permitted  us  to  make  studies  on  more  basic  sides  of  vapor  deposition,  which 
included  studies  on  a)  chemisorption  and  thermal  desorption  on  diamond  sumaces,  b) 
surface  graphitization  under  diffnirent  ambient  gases,  c)  Raman  spectroscopy  of  ^^C  isotope 
enriched  diamond  and  graphite,  as  a  part  of  identification  techniques. 

4)  The  staff  was  subject  ordy  to  attenuated  political  pressures.  Also,  the  staff  was  not 
clever  enough  to  avoid  undertaking  a  risky  project.  Determination  of  the  leader  is 
a  primary  requirement.  Youth  also  is  an  important  factor. 

Some  of  the  Pioneering  Works  Which  Influenced  Ours 

It  should  be  pointed  out  that  it  is  highly  probable  that  we  would  not  have  undertaken 
the  program  at  all  unless  there  had  been  pioneering  works  of  American  and  Soviet  groups. 
However,  in  1973,  when  N.  Setaka  suggested  the  program,  we  had  knowledge  mostly  of 
papers  and  patents  related  to  growth  of  diamond  on  diamond  seed  crystals.  Growth  on  seed 
crystals  with  reasonable  growth  rate  or  efficiency  appeared  extremely  difficult,  not  to  speak 
of  growth  on  non-diamond  substrates. 

Here  are  a  few  lines  from  two  papers  which  had  great  impact  on  our  studies. 

1)  The  tendency  to  discuss  diamond  synthesis  in  the  terms  of  equilibrium  thermody¬ 
namics  can  obscure  the  fact  that  kinetic  factors  may  provide  the  possibility  of  diamond 
synthesis  in  a  temperature-pressure  regime  where  diamond  is  actually  thermodynamically 
unstable  with  respect  to  graphite."  J.  Angus  et  al  (1968)  (7). 
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For  one  of  the  authors,  Y.S.,  theoretical  reasoning  started  from  this  paper  together  with 
limited  knowledge  of  the  fundamentals  of  crystal  growth,  thermodynamics,  and  structural 
organic  chemistry. 

2)  "Selective  growth  of  diamond  is  ensured  by  introducing  atomic  hydrogen  into  the 
crystallization  zone:  this  suppresses  crystallization  of  graphite...JDiamond  crystals  up  to 
several  tens  of  microns  in  thickness  were  also  grown  on  non-diamond  substrates."  (B.V. 
Spitsyn  et  al  (1981)  (1). 

It  is  fortunate  that  we  were  about  to  concentrate  our  efforts  on  C-H  gas  systems  when 
we  came  to  know  of  this  paper.  It  was  this  paper  that  turned  us  to  concentrate  on  non¬ 
diamond  substrates  immediately.  Identification  of  the  growth  product  is  much  easier  than 
for  homoepitasdal  growth. 

Concluding  Remarks 

We  thinlc  that  the  CVD  techniques  which  have  been  worked  out  at  NIRIM  over  the  past 
years  are  still  at  the  stage  of  laboratory  experiments.  Our  contribution,  therefore,  may  be 
considered  scientific  or  mental  in  nature.  We  conclude  our  paper  by  citing:  "In  the  light  of 
this  history  it  is  remarkable  that  the  question  has  received  so  little  serious  attention."  J. 
Angus  et  al  (1968).  For  those  interested  in  diamond  CVD  in  general,  several  excellent 
reviews  are  available  (8). 

Diamond  CVD  today  is  on  its  way  from  dream  to  technology. 
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The  most  recent  development  in  diamond  synthesis  has  been  the  use  of  high  energy 
plasmas  and  flames  to  achieve  rapid  rates  of  diamond  deposition — growth  rates  approaching 
a  millimeter  per  hoax.  Dr.  Moriyoshi  descnbes  these  developments: 


THE  ROAD  TO  HIGH  RATE  SYNTHESIS  OF  DIAMONDS 


Yusuke  Moriyoshi,  National  Institute  for  Research  in  Inorganic  Materials 
Tsukuba,  Japan 


The  possibility  of  diamond  synthesis  at  lower  presstire  than  1  atm  was  first  considered 
by  Deijaguin  et  al  (1)  who  applied  for  a  patent  concerning  the  synthesis  of  diamond  in  1956. 
Later  Eversole  took  a  patent  about  the  synthesis  of  diamond  by  using  thermal  CVD  at  lower 
pressure  than  1  atm  in  1962  (2).  Thereafter,  Angus  tried  successfully  to  prepare  diamonds 
by  using  Eversole’s  method  (3-4).  These  researchers  indicated  that  diamond  could  be  grown 
on  diamond  seed  crystals  by  vapor  deposition  from  CH4  at  temperatures  and  pressures  on 
the  order  of  1050 ‘C  and  03  torr.  However,  the  crystalline  quality  of  the  diamond  was  not 
established.  Also,  the  deposition  rate  was  extremely  low,  about  1  A/hour,  and  simultaneous 
code  position  of  graphite  was  always  a  problem.  Deijaguin  et  al  carried  out  the  ^thesis  of 
diamond  by  using  an  electron  beam  and  thermal  pulse  CVD  (5-6).  Through  these 
experiments,  they  clarified  that  the  dissociation  of  Hj  begins  at  about  800 ‘C  and  takes  place 
rapidly  at  temperatures  above  2000*  C  The  resultant  atomic  hydrogen  retards  effectively  the 
codeposition  of  graphite.  They  also  made  diamond  whiskers  which  were  grown  on  diamond 
single-crystal  substrates  from  the  thermal  pulse  CVD  by  using  a  Xenon  tube  of  6k/V  and 
pointed  out  the  VLS  method  for  growth  of  diamond  whiskers. 

In  1981,  Spitsyn  et  al  played  an  extremely  important  role  in  diamond  synthesis  at  lower 
pressure  than  1  atm;  they  showed  that  the  synthesis  of  diamonds  was  ensured  by  introducing 
atomic  hydrogen  into  the  deposition  zone.  They  clarified  the  synthesis  conditions  for 
diamond  and  successfully  made  diamonds  with  crystal  habits  by  a  at  lower  atmosphere 

than  1  atm  (7).  The  growth  rate  of  the  diamond  films  reached  about  0.02  fim/nda  at 
1000 ’C.  Through  the  deposition  of  diamond,  they  pointed  out  an  important  role  of  atomic 
hydrogen,  the  growth  temperature,  and  also  indicated  the  possibility  of  p-type  diamond 
doped  with  boron. 

The  National  Institute  for  Research  in  Inorganic  Materials  (NIRIM)  has  studied  the 
synthesis  of  diamond  at  lower  than  atmosphere  pressure  since  1975.  They  were  thinking  that 
the  important  point  of  diamond  ^thesis  from  gas  phase  was  the  presence  of  non¬ 
equilibrium  chemical  species  in  the  gas  phase  and  on  the  growing  surface;  that  is,  the 
presence  of  excess  excited  species  in  gas  phase  such  as  CH3,  C2H,  C  and  so  on.  Using  this 
idea,  NIRIM  has  tried  to  prepare  diamonds  by  using  various  methods  from  gas  phase  of  Hj 
and  CH4.  Matsumoto  et  al  in  NIRIM  reported  a  new  method  of  thermal  CVD  heating  a 
filament  just  over  a  substrate,  by  which  they  successfully  prepared  diamonds  with  crystal 
habits  without  graphite  at  pressures  below  1  atm  to  prepare  diamond  particles  and  films  (8). 
The  growth  rate  of  the  diamond  was  fast,  about  0.1  ^m/miiL  Kamo  et  al  in  NIRIM 
developed  a  microwave  plasma  to  prepare  diamond  particles  and  films  (9).  Matsumoto  et 
al  also  developed  a  radio  frequency  glow  discharge  (10).  Thereafter,  many  scientists  in  the 
world  began  to  use  these  methods  for  the  synthesis  of  diamond  particles  and  films. 

Thermal  plasmas  have  been  used  for  the  synthesis  of  diamond  since  1987.  At  first  it  was 
thought  that  the  higher  temperatures,  usually  above  6000 ’K,  and  the  high  heat  content  of 
the  plasma  would  be  unsuitable  for  the  synthesis  of  diamond.  At  these  conditions,  it  was 
considered  that  diamond  transforms  into  graphite  at  normal  or  reduced  pressure.  Therefore, 
sufficient  cooling  of  the  substrate  is  a  particularly  important  key  to  solve  the  problem.  The 
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Fig.  1.  Schemadcal  diagrams  of 
thermal  plasmas  (a)  a  rf 
thermal  plasma  torch, 

(b)  a  D.C  arc,  and 

(c)  a  D.C  jet 


C«rMr-«-a«aaM  gas 
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important  advantage  in  the  synthesis  of  diamond  using  a  thermal  plasma  is  the  high  speed 
of  deposition  resulting  from  a  very  high  concentration  of  excited  chemical  species. 

The  first  paper  concerning  high  speed  synthesis  of  diamond  was  reponed  by  S. 
Matsumoto  et  al  (11),  who  used  a  radio  frequency  induction  (rf)  heating  to  produce  a 
thermal  plasma.  The  apparatus  used  is  illustrated  in  Fig.  1(a).  The  torch  was  a  conventionai 
one  made  of  coaxial  silica  tubes  operating  at  about  30  kW  with  4MHz.  The  resultant  film 
thickness  was  not  so  uniform,  one  of  the  films  was  12  m  thick  near  the  edge  and  6  m  thick 
at  the  colter  of  the  substrate.  The  growth  rate  amoimted  to  3-S  Mni/min  in  crystal  diameter 
and  1  nm/min  in  film  thickness  for  single  crystals  and  films,  respectively.  These  growth  rates 
are  about  100  times  larger  than  those  by  the  other  methods  reported  previously. 

Akatsuka  et  al  thought  to  exchange  the  heating  filament  in  low  temperature  plasma  into 
an  arc  discharge  plasma  (12),  since  much  more  atomic  hydrogen  and  hydrocarbon  radicals 
could  be  generated  with  the  arc  discharge  plasma  than  those  with  the  heated  filament  As 
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to  MW,  much  more  high  rate  deposition  would  be  expected. 

Other  methods  are  possible  for  high  speed  production  of  diamond  films  and  particles. 
For  instance,  a  thermal  plasma  of  hydrogen  at  1  atm  can  be  made  at  low  power  by  using 
microwave  discharge.  The  resultant  thermal  plasma  was  generated  at  2-5  kW  with  2.45  GHz, 
by  which  Mitsuta  et  al  produced  diamond  films  on  a  silicon  substrate  at  a  rate  of 
0.5  Min/min  (14).  Also,  diamond  synthesis  by  using  a  combustion  flame  is  particularly 
important  (15).  Diamond  films  with  good  crystallinity  on  a  substrate  can  be  deposited  in 
about  2  /xm/min  at  1  atm.  An  extremely  large  combustion  flame  would  be  possible  to 
develop.  At  present,  various  combined  methods  are  being  tested  in  the  US  and  Japan  to 
produce  high  quality  diamond  films. 

Diamond  Technology  Transfer 

The  diamond  technology  transfer  from  National  Institutes  and  Universities  to  private 
companies  is  carried  out  in  the  following  ways. 

The  National  Institutes  and  Universities  can  transfer  the  technologies  and  results  of 
research  to  private  companies  by  way  of  the  Research  Development  Corporation  of  Japan 
(JRDC).  It  is  the  intermediary  organization  belonging  to  STA.  In  some  cases,  patents  are 
transferred  to  JRDC  and  then  commercialized  by  suitable  private  companies.  JRDC 
coordinates  such  systems  in  two  ways:  development  by  contract  and  coordination  of 
licensing.  Contract  Development  is  applied  in  the  case  of  patented  inventions  and 
technology  which  involve  a  greater  financial  risL  Contraa  Development  supplies  a 
considerable  fund  to  the  companies,  in  order  to  effectively  develop  the  new  technology  for 
industrial  use.  Once  production  is  established  companies  refund  the  JRDC.  However,  it  is 
said  that  it  is  very  difficult  for  industry  to  get  these  funds  from  the  JRDC 
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The  initial  response  to  these  developments  opening  the  doors  to  what  Science  Magazine 
in  1990  described  as  a  "glittering  prize  for  materials  science"  (R.L.  Guyer  and  D.E. 
Kochland,  Jr.,  Science,  250,  1640-1643,  21  December  1990)  was  not  immediately  recognized 
but  soon  developed.  Beginning  with  corporate  research  programs  in  Japan  (Kobe  Steel, 
Sumitomo,  NEC,  Mitsubishi,  Toshiba,  Fugitsu,  Edimitsu,  Asahi,  and  others)  the  perception 
of  possible  commercial  innovations  based  on  the  NIRIM  successes  initiated  a  self-catalyzing 
increase  in  low  pressure  diamond  growth  research.  In  the  United  States  the  Crystalume 
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Corporation  was  formed  to  exploit  this  possibility  and  GeneiaT  Electnc  Company,  a 
manufaaurer  of  diamonds  by  the  high  temperature  high  pressure  process,  inaugurated  a 
substantial  research  effort  in  1984.  In  that  same  year  Professor  Rustum  Roy  of  Pennsylvania 
State  University  visited  the  NIRIM  laboratory  and  was  instrumental  in  obtaining  research 
support  by  the  Office  of  Naval  Research  and  a  corporate  consortium.  Professor  Roy 
interprets  this  rather  slow  response  as  follows: 


INFLUENCE  OF  POLICY  AND  CULTURE  ON  R/D: 
THE  CASE  OF  DIAMOND  FILM  RESEARCH 


Rustum  Roy,  The  Pennsylvania  State  University 


History 
Early  Work 

For  the  present  purposes  a  schematic  presentation  of  the  history  of  diamond  tynthesis 
as  shown  in  Tables  1  and  2  will  serve  to  make  our  points.  There  is  virtually  no  disagreement 
on  the  facts  and  people  involved  in  diamond  film  research  although,  no  doubt,  meetings 
such  as  the  present  one  will  help  enrich  the  texture  of  the  record  by  providing  the 
viewpoints  of  different  contributors,  many  of  whom  are  present  at  this  meeting. 

Table  1  lists  the  100-year  history  of  scientists  attacking  the  tynthesis  of  diamond  as  a 
benchmark  goal.  From  this  table  two  points  can  be  seen.  Before  WWn  vapor  liquid  and 
solid  state  approaches  were  all  tried.  Since  1950,  success  via  the  high  pressure  route  came 
rather  rapidly  and  more  or  less  independently  at  ASEA,  Norton  and,  of  course,  GE.  Yet  the 
successful  commercialization  of  high  pressure  diamonds  by  GE  starting  in  1955,  clearly  set 
back  all  vapor  phase  efforts.  Moreover,  the  thermodynamics  of  Rossini  and  Jessup  became 
firmly  entrenched  because  showed  that  diamonds  could  (only)  be  made  in  the  stable 
regime. 

Yet  vapor  phase  approaches  persisted  in  scientific  eco-niches.  (Table  2).  The  earliest 
was  at  Union  Carbide  in  parallel  with  their  high  pressure  efforts  where  Eversole,  starting 
in  1952,  succeeded  (1958)  in  depositing  diamond  epitaxially  on  diamond  substrates  by 
thermal  pryolysis  of  hydrocarbons.  In  parallel  work  in  1956  at  the  Institute  for  Physied 
Chemistry  in  Moscow  a  graduate  student,  Boris  Spitsyn,  working  under  B.V.  Derjaguin 
succeeded  in  the  same  goal.  Excellent  technical  reviews  of  CVD  diamond  work  are  found 
in  DeVries  (1)  Badzian  and  DeVries  (2)  and  DeVries  and  Roy  (3).  Through  the  sixties,  the 
only  U.S.  thermal  pyrolysis  work  was  by  Angus  who  (1967)  confirmed  and  expended  the 
Eversole  results.  In  1970  the  status  of  CVD  thermal  pyrolysis  diamond  work  was  that  a 
substantial  effort  in  Moscow  and  Angus’  work  had  showed  that  pyrolysis  on  a  diamond 
substrate  led  to  a  mixture  of  graphite  and  diamond,  and  that  the  graphite  could  be  removed 
by  cycling  hydrogen  only  over  the  hot  mixture.  It  is  not  difficult  to  see  why  this  was 
guardedly  of  great  interest  to  science  or  industry:  growth  of  microscopic  amounts  of  diamond 
on  a  diamond  powder  substrate  with  a  cyclic  process  was  not  a  very  impressive  technical 
achievement.  In  1971  Angus  at  a  paper  in  Kiev  reported  that  he  had  used  a  heated  filament 
in  his  H,  during  the  cleaning  cycle.  The  Soviet  workers  (Fedoseev,  Derjaguin,  Vamin) 
utilized  this  "hint"  or  others,  and  from  the  early  seventies  on  became  the  world  center  for 
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TABLE  1.  EARLY  HISTORY  OP  DIAMOND  SYNTHESIS* 


1880 

HANNAY 

Bone  OH,  Li.  Iron  Tube 

1886 

MOISSAN 

Carbon  In  Molten  Iron,  Graphite  Cruc. 

1917 

RUFFetal. 

Pyrolyzmg  C2H2.  CH4.  CO.  etc,.  790‘C. 
Claimed  NO.  rfi»mnnVte 

1920 

PARSONS 

Trted  duplicating  earlier  work.  Concluded: 
No  one  had  succeeded. 

1921 

TAMMANN 

CCI4.  CBr4.  CI4  at  800‘C 

1924  on 

HERSHEY 

Repeated  Moissan  v.  carefully.  Evidence 
good:  patent  fights  with  GE. 

1938 

ROSSINI.  JESSUP 

Thermodynamic  calculations 

1939 

LIEPUNSKI 

Calculations.  Recommends  use  of  Fe. 

1941-50 

BRIDGMAN 

Supported  by  Norton,  GE.  Carborundum. 
Bn^  up  in  1947, 

1951 

G.E.  starts  in-house 

Hi-P  and  CVD. 

1953 

NORTON* 

Synthesizes  all  Hi-P  phases  except 
diamonds. 

1953 

ASEA* 

von  Platen.  Lenader.  Lundblad 

Dec.  1954, 

Feb.  1955 

G.E.  succeeds*  and  announces 

1957 

Syn.  diamonds,  commercial  CBN  made. 

‘Given  what  we  know  today,  some  of  these  no  doubt  made  riiamnnris  BUT  COULD^^T  PROVE  IT: 
NO  RAMAN,  NO  XRD. 


CVD  diamond  research  with  a  long  stream  of  papers—albeit  short  on  detail  and  long  on 
kinetics  and  chemistry.  These  papers  stimulated  literally  no  one  in  the  world  except  the 
group  in  NDRIM  in  Japan  (Matsumoto,  Kamo,  Sato  and  Setaka)  who  with  no  official  program 
sustained  a  modest  effort  for  many  years. 

CVD  Goes  Public 

First,  by  the  late  seventies  in  Moscow  and  then  by  1981  in  Tokyo,  the  benchmark 
synthesis  had  been  achieved:  diamond  fUms  could  be  grown  at  1  atm  ON  MANY 
SUBSTRATES  at  a  reasonable  rate  ~  lu/hr.  Figure  1  shows  the  title  and  abstraa  of  two  key 
papers  published  in  English  (ob\iously  some  years  after  the  original  work  and  its  location 
publication)  which  clearly  annoimced  this  unexpeaed,  indeed  incredible,  achievement  with 
OBVIOUS  TECHNOLOGICAL  SIGNIFICANCE. 


TABLE  II.  KNOWLEDGE  FLOW  IN  DIAMOND 
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From  the  viewpoint  of  CULTURAL  FACTORS  IN  SCIENCE,  this  record  will  surely 
intrigue  historians.  For  these  papers  were  TOTALLY  IGNORED  by  every  laboratory  in  the 
world,  even  major  companies  (GE,  De  Beers,  etc.)  making  synthetic  diamonds  and  university 
groups  such  as  the  au^oris  own,  to  which  we  turn. 


oufiial  oi  Crruai  GivmIi  32  (I9SI)  219-226 
5  NoiTti>Hoiland  PabHilimi  Cvmpmy 


^APOR  GROWTH  OF  DIAMOND  ON  DIAMOND  AND  OTHER  SURFACES 

J.V.  SPITSYN.  LJL  BOUILOV  and  B.V.  DERJAGUIN 
njaaut  of  Phyneal  Ottmtaoy.  Aradtmy  of  SocneM  of  tPo  USSR.  Maoeom,  USSR 


It  is  shovn  that  dumond  aysaUtzanoa  by  ehmnal  vapor  depoBiion  should  pre^erafily  be  earned  out  at  reduced  pressures, 
aiecuve  ifoeiih  ot  diatnond  is  enaund  by  tniroduenic  siaane  hydnten  into  the  erystallizBoan  zone:  this  suppresses  crystal* 
zanoo  o<  paphtia.  The  poerth  rase  at  homoepitifiil  diaasond  fllms  reached  1  uat/h  at  lOOCTC;  film  properties  were  identical  to 
Mm  ai  bulk  aysak.  tte  laoHe  p— ip  aowa  doped  fifaae  <*-<14  at.%)  daoaaeed  by  0.0009  A:  the  film  aad  suhnaie 
anmeten  coincMe  at  dopant  aaMMitmnoM  of  —1  st.%.  aad  the  saaaooadactar  diaamnd  film  laierfrcaae  with  the  suhetxaie 

■panaoBaBoa.  the  erysml  hahit  is  octahadml  aad  at  lonr  supersetuianoa.  it  is  eahic  'nie  linear  srewth  rate  is  eonstaat  at  the 
mty  sapm  of  crystal  ftmeth  but  than  it  -vj to  a  levol  typtcal  lor  the  homoepitaaaai  powth  of  diamond  films. 
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:  was  pawn  on  a  itan.diainood  subiuaie  from  a  pueou^ 


Fig.L 


It  is  iosqiiicabte  ti«at  rfi«M  two  papers,  Soviet  (in  1981)  and  Japanese  (in  1983)  in  a  major  US. 
jounud  annonneing  unequivocal  preparation  of  diamond  Sims  (including  the  key  role  of  H]}  and 
on  aoo-diainoiid  snbstraces,  were  tocaily  ignored  by  the  world  community. 
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TABLE  m.  HISTORY  OP  PENN  STATE 
INVOLVEMENT  IN  DIAMOND  SYNTHESIS 


a.  Hl^Presnne 

1957  Tatde  and  Ro^  (ONR) 

Alternative  (hydrotheimal)  high  pressure  route  to  diamonds  (our _ 

catalysis  finally  achieved  by _ In  1990). 

1960  Roy  and  Dneliille 

Anvil  approach,  long-term  contact  with  Vereschagin  USSR  Academy  of  Science 

1969  Carbonmdmn  diamond  factory  starts  in  State  College  -  1966  with  PSU  help. 

1970  Joint  diamond  -  boron  nitride  -  boride  work  with  fHemyski-Badzian  in  Warsaw 

b.  Vapor  Phase 

1962-67  Vastola  and  if"*** 

Microwaves  and  hydrocarbons 

1971-74  Knos  and  Vedam 

RF  &  microwave  plasma  decomposition  of  hydrocarbons  •  dl-synthesls  achieved 
but  disbelieved 

1971-73  Messier  and  Roy 

Hyperdense  Ge  achieved  by  sputtering 

1984  Roy  visits  "MIRIM"  In  Tsukuba.  sees  diamnnda  on  SL  Triggers  major  effort. 


Penn  State  Research  on  Diamond  Synthesis 

At  Peim  State,  which  had  by  far  the  largest  university  high  pressure  research  program 
in  the  U.S.  (under  Professors  Tuttle,  Roy,  Wylie,  Burnham,  Harker,  Boettcher,  etc.)  ONR 
provided  funds  in  1957  to  try  to  make  diamonds  by  alternate  routes:  mainly  hydrothermal 
carbonate  rich  liquids  imitating  nature  (Table  3).  What  is  relevant  here  is  that  independent 
of  the  high  pressure  group,  the  VERY  FIRST  RECORD  OF  GROWING  "carbon"  films  in 
H2+CH4  mixtures  in  a  MICROWAVE  PLASMA  were  those  by  Vastola  et  aL  This  was  not 
buried  in  an  obscure  journal  but  rated  a  full  page  spread  in  Chemical  and  Engineering  News 
(May  7,  1962,  p.  44).  In  today’s  technology  th^  solid  films  were  "diamond-like  carbon" 
containing  hydrogen.  However  that  work  was  followed  up  in  the  early  seventies  by  B.E. 
Knox  and  K.  Vedam  at  Penn  State’s  MRL  who,  in  the  Final  Report  (31  January  1975)  to 
the  Defense  Department’s  Advanced  Research  t^rojects  Agency,  Contraa  2415,  provided 
electron  diffraction  evidence  (obtained  independently  by  JJ.  Comer  of  the  Air  Force 
Cambridge  Laboratories)  that  in  Ch^Hj  mixtures  in  a  microwave  plasma  they  had  produced 
diamond  (plus  some  graphite  materials)  films  on  many  substrates.  The  results  were 
dismissed  by  most,  including  myself  as  Laboratory  Diieaor,  as  a  quirk  contrary  to 
thermodynamics. 
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However,  Penn  State’s  MRL  by  the  seventies  had  become  prominwit  in  thin  film  work 
by  PVD  and  CVD.  Thus  in  February  1984  when  visiting  colleagues  at  NIRIM  the  present 
author  was  shown  a  3"  Si  wafer  with  a  myriad  sparkling  points  of  light,  and  the  x-ray  and 
Raman  evidence,  for  diamond,  he  was  truly  astounded  that  he  had  ignored  the  published 
work- 

This  "knowledge"  of  the  success  in  Japan  was  received  by  most  colleagues  in  the  U.S. 
with  very  modest,  if  any,  interest  or  even  skepticism.  What  is  important  here  is  that  I  could 
not  convince  most  university  colleagues  and  those  in  the  highest  tech  corporate  labs  that  this 
was  a  very  significant  result  Obviously  selling  this  to  "peer  reviewers"  would  be  impossible. 
Fortunately  agencies  such  as  the  Office  of  Naval  Research  exist— that  understand  deeply  the 
question  of  SIGNIFICANCE  of  an  invention.  Hence  by  1985  because  of  personal  contacts 
with  Dr.  AM.  Diness  of  ONR,  Penn  State’s  MRL  was  launched  in  trying  to  confirm  the 
Japanese  work.  I  had  by  then  gone  to  Moscow’s  Institute  for  Physical  Chemistry  again  where 
1  was  a  very  frequent  visitor  of  other  groups,  and  been  brought  up  to  date  on  the  enormous 
depth  of  the  Soviet  work. 

We  note  here  what  is  particularly  relevant  to  this  conference  is  that  even  when  in  1986 
we  had  succeeded  in  duplicating  the  Soviet-Japanese  work  that  our  unambiguous  results 
were  greeted  with  enormous  skepticism.  In  every  case  the  skepticism  lessened  if  they 
physically  saw  a  film  and  the  data.  Moreover,  because  we  scrupulously  insisted  on  crediting 
the  Soviets  and  Japanese,  the  TV  and  newspaper  media  both  underplayed  that  aspect,  and 
tended  to  downgrade  the  significance  of  their  achievement.  At  this  point  as  a  major 
university  laboratory  we  were  confronted  with  the  question  of  how  to  manage  this  new 
knowledge  and  for  whose  benefit.  Two  major  companies  approached  us  with  the  idea  of 
exclusive  linkage  to  them.  In  spite  of  offers  from  two  of  the  largest  venture  capital  firms,  we 
decided  that  that  route  was  wholly  inappropriate  for  a  university  in  this  case.  Our  judgment 
at  PSU-MRL  was  that  (a)  diamond  films  were  a  "universal"  enabling  technology  which 
would  affert  dozens  of  industries  and  (b)  that  our  usual  networked-consortium  model  would 
be  very  appropriate  for  a  broad  attack  on  synthesis  and  processing  of  such  materials.  Thus 
was  bom  the  Diamond  and  Related  Materials  Consortium  which  has  had  roughly  25  ± 
members  from  all  over  the  world  now  for  four  years.  It  has  achieved  exactly  what  was 
hoped:  widespread  generation,  collection  and  dissemination  of  knowledge  on  diamond  films. 

Policy  and  Culture  Issues 

By  sheer  coincidence,  I  have  been  deeply  involved  and  intimately  knowledgeable  about 
both  recent  diamond  and  the  superconductor  developments,  while  being  active  in  national 
science  policy  analysis  and  formulatiorL  It  has  become  increasingly  clear  to  me  that  the 
weaknesses  of  the  U.S.  R/D  system  have  nothing  whatsoever  to  do  with  the  (1)  level  of 
funding,  (2)  the  number  or  quality  of  the  scientists/engineers,  or  (3)  the  availability  of 
facilities.  Yet  these  are  the  only  three  issues  which  are  ever  addressed  by  the  national 
science  policy  establishment. 

From  my  more  detailed  writing  in  the  field  (see  Refs.  4-6),  I  have  therefore  attempted 
to  list  what  I  regard  as  the  most  important  technical  factors  which  have  and  still  contribute 
to  the  sorry  state  of  U.S.  science  and  technology.  (I  am  omitting  here  "social"  factors  such 
as  interest  rates,  patient  capital,  LBO’s,  education,  labor  relations,  etc.). 

1.  Tfie  wholly  unjustifi^  view  of  the  superiority  of  U.S.  research,  its  position  in  the  world, 
its  methodologies  for  funding,  prioritizing  and  conducting  research 

This  results  in  the  utterly  ludicrous  attitudes  and  statements  such  as  "Japanese 
researchers  are  not  creative,”  "Japanese  technological  superiority  depends  on  U.S.  basic 
research"  (which  is  "taken"  or  "stolen"  without  adequate  payment,  etc.).  These  are  not  casual 
remarks:  even  the  President  of  the  U.S.  National  Academy  of  Scientists  believes  and 
proposes  such  ideas. 
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2  The  enormous  confusion  in  the  language  and  terms  in  science  policy:  science, 
technology,  engineering  basic  science,  applied  science;  and  the  religious  fundamentalism  in  the 
U.S.  physics  (and  chemistry)  community  that  believes,  and  tries  to  make  a  nation  base  its  policy 
on  the  absurdity  that  if  we  just  do  more  lyasic  science, "  all  our  technological  problems  would 
be  solved. 

This  has  led  to  inadequate  contaa  with  and  learning  from  worldwide  colleagues  and 
laboratories. 

3.  The  ffoss  neglect  of  the  scientific  literature  in  the  U.S.  as  compared  to  Japan,  the  USSR 
and  Europe. 

It  is  my  considered  judgment  that  if  10%  of  the  research  budget  were  specifically 
allocated  to  reading,  analyzing  and  publishing  summaries  of  the  literature,  the  U.S.  would 
learn  more  new  science  than  by  binding  more  research. 

4.  The  short-term  and  often  sub-critical  nature  of  U.S.  funding  patterns  is  grossly 
counterproductive  when  it  is  absolutely  certain  that  a  few  steadily  supported  groups  with  slowly 
mutating  goals  serve  the  national  interest 

The  Balkanized  structure  of  the  U.S.  science  establishment,  and  the  absence  of  any 
political  leadership,  especially  one  with  any  competence  in  S/T  dooms  the  country  to 
continuing  decline. 

Summary 

The  history  of  diamond  film  research  clearly  illustrates  three  non-technical  realities:  (1) 
the  published  literature  is  almost  totally  ineffective  in  transferring  knowledge;  (2)  sustained 
efforts  in  research  areas  are  effective  in  rapid  capitalizing  on  new  opportunities;  and  (3)  too 
much  reliance  on  establishment  paradigms  (in  this  case  thermodynamics  in  the  C  system) 
blocks  innovation. 

References 

L  DeVries,  R.  Annual  Rev.  Mat  Sdenee  17:  161  (1987). 

1  Badziaa,  A.  and  R.  DeVries,  Mol  Res.  Bull  25:385-400  (1988). 

3.  DeVries,  R.  and  R.  Roy.  CVD  Diamonds-^IVD  Diamond  and  Cubic  BN:  A  Collection  of  Key  Papers,  A.IJ’., 
New  York,  NY  1991  (in  press). 

4.  The  Natore  and  Nurture  of  Technological  Health,*  Ceramics  and  Gvilization,  VoL  II.  Hi^-Technolo^ 
Ceramics— Past,  Present,  and  Future,  W.D.  IGngeiy  (ed.),  American  Ceramic  Society,  pp.  351-370  (1987). 

5.  *University-Indnstry  Knowledge  Transfer  Exaggerated  Expectations,*  Forum  for  Applied  Research  in  Public 
Poiky  3  (4),  pp.  32-36  (Winter  1988). 

6.  Roy,  Rusnnn.  Creating  New  Wealth:  Natkmal  Research  and  Development  Funding  in  the  1990s.  Testimony 
befne  the  Committee  on  Science,  Space  and  Technology,  April  11-12, 1989,  Conpessionai  Record  135  (42 
A.  43)  U.S.  Government  Printing  OfBce,  Washington  (1989). 


A  TRW-KOBE  STEEL  JOINT  VENTURE 


John  Ogren,  TRW 


TRW  has  been  involved  in  joint  activities  with  Kobe  Steel,  Sony  and  Hitachi.  All  have 
followed  a  similar  management  pattern.  The  activity  with  Kobe  Steel  involves  diamond  film 
technology  and  I  have  served  as  the  TRW  interface  person.  Without  getting  into  technical 
details  I  propose  to  describe  the  personal  interactions  that  have  led  to  this  joint  effort 
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The  story  begins  five  or  six  years  ago  when  our  TRW  CEO,  Dfr-Rubm-Metler,  was 
golfing  with  the  president  of  Kobe  Steel,  Ltd.  at  Rancho  Mirage  in  California,  The  president 
of  Kobe  Steel  was  explaining  that  his  company  must  diversify  and  that  a  number  of  new 
activities  had  been  initiated  aimed  at  products  with  a  "large  value-added  content".  Together 
they  agreed  that  there  would  be  a  meeting  at  which  TRW  would  define  their  technological 
needs,  Kobe  would  describe  their  new  activities  and  together  they  would  decide  if  there  was 
a  match  warranting  joint  activities.  Returning  to  Cleveland,  Dr.  Metier  delegated 
responsibility  for  funher  action  to  a  branch  of  the  corporate  office  which  might  loosely  be 
described  as  the  "foreign  office".  That  office  arranged  a  meeting  with  Kobe  Steel  and  people 
from  TRW’s  automotive  sector  to  describe  their  technology  needs.  The  TRW  participants 
were  mostly  accountants  and  mostly  concerned  with  whether  Kobe  Steel  might  supply  good 
quality  parts  at  a  lower  cost  For  its  part  the  Kobe  Steel  participants  described 
superconducting  magnetics,  robotics  and  other  high  technology.  There  seemed  to  be  no 
match  of  interest  but  another  meeting  was  set  and  then  another  with  no  results.  A  fourth 
meeting  was  decided  on  at  Redondo  Beach  at  which  TRW  personnel  were  not  very  anxious 
to  attend  because  rumors  were  flying  that  the  TRW-Kobe  interface  was  falling  apart  No 
one  wanted  to  be  associated  with  a  memo  to  the  CEO  indicating  that  no  common  interest 
areas  could  be  found  anywhere  between  the  six  billion  dollar  per  year  TRW  Corporation 
and  Kobe  Steel.  I  attended  that  meeting  and  discussed  some  needs  about  rocket  propulsion. 
However,  an  important  item  on  the  program  was  a  talk  by  Dr.  Kogikobashi  of  Kobe  Steel 
in  which  he  described  work  he  had  just  completed  at  NIRIM  in  Tsukuba  City  on  diamond 
films.  He  described  the  deposits  he  had  made,  the  plasma  from  which  the  filnis  had  been 
deposited,  Langmuir  probe  data  on  the  plasma,  Raman  spectra  on  the  films  and  was  very 
convincing  that  a  real  irmovation  had  been  achieved  in  m^ng  polycrystalline  films  from  a 
methane  hydrogen  mixture  in  a  resonant  zone  of  a  three  hundred  watt  2.45  GHz  microwave 
discharge.  As  much  as  anything  else,  this  provided  a  way  in  which  the  managers  at  TRW’s 
executive  headquarters  could  salvage  the  TRW/Kobe  interaaion  and  at  the  same  time,  find 
reasons  for  a  trip  to  Japan. 

That  meeting  was  held  in  1986  and  in  the  subsequent  four  years  there  has  been  a 
continuous  interaction  in  which  TRW,  a  materials  user,  writes  specifications  and  Kobe  Steel 
has  supplied  prototype  samples  which  are  evaluated  by  TRW.  No  money  has  changed  hands 
yet,  and  the  joint  venture  will  only  have  come  to  fruition  in  a  business  sense  when  that 
occurs. 


Low  pressure  diamond  synthesis  is  now  a  nascent  industry  in  which  straightforward 
substitutions  of  diamond  films  in  simple  applications  such  as  coatings  for  cutting  tools,  heat 
sinks,  high  elasticity  films  for  tweeters  in  stereo  speakers  and  small  windows  have  been 
accomplished.  There  are  a  number  of  potential  applications  which  take  advantage  of  the 
exceptional  properties  of  diamonds.  Mechanical  and  thermal  applications  include  bearings, 
barrier  coatings,  surgical  blades,  medical  implants  and  wire  drawing  dies.  There  are  a 
number  of  electronic  applications  which  would  include  high  performance,  high  temperature 
radiation  hard  high  powered  transistors,  electrical  insulators  and  substrates,  x-ray  masks, 
magnetic  disks  and  packaging  assemblies.  There  are  also  exciting  potential  optical  and 
optoelectronic  applications  as  windows,  lenses,  mirrors,  x-ray  windows,  heat  sinks,  ultraviolet 
deteaors,  wave  guides,  and  so  forth.  In  order  for  the  most  exciting  of  these  applications  to 
develop,  there  will  have  to  be  found  methods  of  forming  large  area  heteroepitaxial  films, 
high  conductivity  n-type  doping  and  high  growth  rates  for  large  diamond  single  crystals. 
These  are  innovations  that  are  still  waiting  to  happen.  When  they  do  happen,  their 
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commercial  introduction  will  require  changes  in  devices  and  even  systems  which  augur  a 
long  time  frame  for  substantial  growth  to  occur  in  the  nascent  low  pressure  diamond  film 
industry. 

The  National  Materials  Advisory  Board  has  recently  published  a  comprehensive  report: 
Status  and  Applications  of  Diamond  and  Diamond-like  Materials:  An  Emerging  Technology 
NMAB-445,  National  Academy  Press,  1990. 
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SnJCON  MTRTOE  STRUCnJIUL  CE 


Silicon  nitride  is  a  cnmpnund,  Si3N4,  but  we  shall  include  in  our  discussion  the 

whole  family  of  compositions  or  alloys  which  consist  in  very  large  part  of  silicon  nitride. 
Articles  are  produced  by  typical  ceramic  processing  beginning  with  the  synthesis  of  fine 
parade  controlled  composition  powders.  Additives  are  mixed  with  these  powders  and 
shapes  are  formed  by  a  variety  of  processes.  Consolidation  occurs  at  high  temperatures  with 
or  without  the  application  of  hi^  pressures.  Production  of  silicon  nitride  parts  may  be 
regarded  as  an  infant  industry.  There  are*  a  dozen  or  more  companies  manufacturing  parts 
and  the  annual  market  is  perhaps  two  himdred  million  dollars. 

These  materials  have  a  combination  of  properties  which  indude  good  thermal,  chemical 
and  nriffphaniral  stability  at  temperatures  up  to  1200-1300 'C,  a  superior  resistance  to 
thermal  shock  which  results  from  high  toughness,  high  strength,  low  thermal  expansion  and 
moderately  high  conductivity.  The  relatively  high  toughness  for  a  ceramic  results  from  a 
fibrous  internal  microstructure  which  is  developed  by  carefully  controlled  processing.  In 
addition  to  high  temperature  properties,  silicon  nitride  materials  have  excellent  wear 
resistance  due  to  their  strength,  toughness  and  hardness.  Materials  are  in  production  for 
cutting  tool  inserts,  for  wear  resistant  parts  such  as  sand  blast  nozzles,  seals  and  die  liners, 
ball  bearings  and  similar  applications,  glow  plugs  and  swirl  chambers  for  diesel  engines, 
rocker  arm  wear  pads  for  automotive  use  and  turbocharger  rotors  are  in  production  in 
Japan.  In  addition  to  these  commercial  applications,  silicon  nitride  materials  are  leading 
panriiriatex  for  Other  advanced  automotive  and  gas  turbine  engine  components. 

The  synthesis  of  silicon  nitride  was  first  patented  in  1895.  About  this  same  time,  George 
Westinghouse  had  installed  the  first  large  polyphase  hydroelectric  generators  at  Niagara 
Falls  which  allowed  the  manufacture  of  synthetic  silicon  carbide  by  the  Acheson  process. 
Within  a  few  years  G.  Eggley  applied  for  a  patent  in  which  silicon  metal  was  mixed  with  the 
silicon  carbide  and  fired  in  nitrogen  to  form  a  silicon  nitride-bonded  materiaL  However,  it 
was  not  until  the  early  1950’s  that  CE.  Nicholson  of  the  Carborundum  Company  patented 
silicon  nitride-bonded  with  a  process  that  was  capable  of  practical  application  (U.S.  Patent 
2,618463,  1952;  U.S.  Patent  2,636,828,  1953).  About  the  same  time  J.F.  Collins  and  R.W. 
Gerby  developed  slip  cast  reaction-boaded  silicon  nitride  shapes  for  thermocouple  tubes, 
crucibles  and  boats  for  molten  aluminum.  Haynes  Division  of  Union  Carbide  Company 
offered  these  materials  for  sale  in  1958.  They  h^  relatively  poor  strength,  but  good  thermal 
shock  resistance  and  resistance  to  metal  corrosion.  The  noarket  for  this  material  proved  to 
be  very  limited. 

The  British  Admiralty  Materials  Laboratory  perceived  that  silicon  nitride  might  be  made 
in  complex  shapes  appropriate  for  constructing  higher  temperature  more  efficient  gas 
turbines.  The  material  operating  conditions  within  a  gas  turbine  engine  are  extremely  severe. 
Materials  must  have  a  high  resistance  to  thermal  shock,  a  resistance  to  steady  stage  and 
transient  stresses,  exposure  to  severe  oxidation  and  corrosion  environments,  mechanical 
methods  of  attachment  to  c  ±er  materials,  the  capability  of  forming  complex  shapes  and  high 
strengths  with  good  reliability.  Government  fimding  supported  work  at  the  A.MX.,  the 
British  Ceramic  Research  Association,  at  universities,  at  the  Plessy  Company  and  the 
Birmingham  Small  Arms  Group.  Forming  complex  shapes  from  silicon  and  then  reacting 


them  with  nitrogen  gas  at  high  temperatures  was  suitable  for  forming  complex  shapes  with 
relatively  poor  properties.  Researchers  at  the  Plessy  Company  foxmd  that  with  magnesium 
oxide  as  an  additive  it  was  possible  to  form  fully  dense  silicon  nitride  by  hot  pressing.  By 
1970  or  so,  significant  advices  had  been  made  which  gave  complex  shapes  with  poor 
properties  (RBSN)  or  small  simple  shapes  with  good  properties  (HPSN).  There  was  a 
substantial  research  innovation  in  1972  when  Y.  Oyama  at  Toshiba  and  K.H.  Jack  at 
Newcastle  independently  reported  on  solid  solutions  in  the  Si-Al-O-N  system,  inventing 
sialon  compositions  whi^  were  subsequently  developed  during  the  1970’s.  Beginning  in  the 
late  1970’s,  hot  pressed  sialon  compositions  and  then  hot  pressed  silicon  nitride  compositions 
fame  into  use  as  silicon  nitride  based  ceramic  cutting  tools  and  were  manufactured  by 
several  coxnpanies  in  the  United  States  and  Japan.  However,  the  major  inventions  and 
innovations  in  silicon  nitride  technology  were  mostly  driven  by  the  desire  to  develop  a  gas 
turbine  and  other  heat  engine  components.  Over  the  years  dozens  of  innovative  improve¬ 
ments  have  occurred.  Some  of  these  which  illustrate  the  number  and  variety  required  are 
illustrated  in  Table  1. 


TABLE  1 


KEY  TECHNOLOGICAL  INVENTIONS  AND  INNOVATIONS 
IN  SILICON  NITRIDE  STRUCTURE  CERAMICS 
Compiled  by  D.R.  Richerson 


Z.  MaecrialJ  0«v«iopm«nes 

Znnovaeion  ContriDueori  Faeeors  Influaneuig 

Innovacion 


A.  Raacelon-bondad  3LM.  Sarly  vorX  in  England:  Xnearaar  of  c.*!*  Sririsn 

invantion  X9S5.  aa-jor  Collins  (19SS).  Parr  az  al  Mavy  in  iaprovad  gas 

davaiopa^it:  1995-1972  (1957)  ,  Oaalay  (1969)  ,  turtina  aatariais  and 

Tboaipsan  (1967).  Latar  corrosion  rasisranca. 

worX  in  Caraany,  Japan  and  Oasira  Cor  a  aacarial  whi.ca 

Cba  O.S.  SuzuJci.  HasbOum.  could  ba  faorxcacad  wizb 

ainxBua  diaansional  cnanga 
during  dansiXicaeion. 

B.  Bee  prasssd  Early  worX  in  England:  Parcapcion  tbac  raducad 

invancad  1961,  aajor  Oaslay  (1961),  Luaby  porosity  would  rasult  in 
davalopBonr  1961-1975  (1971).  lacar  worX  on  nav  higbar  sbrangtb  and 

cosposieions  and  iaprofsd  oxidation/ 

Cabricaeion  rarinaaanc  in  corrosion  rasiscanca.  Naw 

tba  O.S.  and  Japan  at  coapositions  davalopad  to 

Norton,  AMKRC,  Toshiba,  iaprova  bigb  taaparatura 

Toyoea.  Ricbarson,  Sazza.  strangtb  and  craap 

rasiscanca.  Major  drivar 
was  potantial  Cor  baat 
angina  applications, 
aspacially  an  autoantiva 
gas  turbina  angina. 
Substantial  inCluanca  of 
Ford  Motor  Conpany  in  a.S.  , 
Roils  Royca  in  England,  vw 
and  Oaiaiar  3anz  in 
Caraany,  and  Toyota,  Nissan 
and  Tosbiba  in  Japan. 
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In j •eeion  molding  and 
slip  cashing  aC 
eomplsx  shapas  ot  RBSN 
1970-1976, 


Britcia  aaesrial 
dasign  validaci 
1970-1976. 


Sialon,  invantion 
1972,  major 
davalopaanc  1972-1980. 


Crain  boundary  and 
mieroseructura 
anginaaring  1970-1974. 


Crain  b  o>u  n  d  a  r  y 
erys'Callizaeion 


Ondarsranding  at  cba 
a££aesa  and  mae&anisaa 
of  acftiaving  aeieular 
grain  graven. 


Praaauralaaa  sinearad 
Siff^. 


Major  innovacions  at  Ford 
Motor  Company ,  Mangals , 
Ezis,  BaJear  at  al. 


Major  innovaeiona  at  ford 
Motor  Company. 


Oiseovarad  by  Oyama  (1972) 
in  Japan  and  JaeJe  and 
Wilaon  (1972)  in  England. 
Early  eomaarcializacion 
davalopaants  eonduetad  by 
Lucas  CooJeson.  Luafiy  at  al. 


Norton  Company,  AMHRC; 
Ricnaraon,  Waanbum,  Cazza. 


Tsuga  at  al  (1975-1978)  in 
Japan. 


Langa  (1972),  Knoch  (1980) 
Tani  (1985). 


tarliaat  aEforts  appaar  to 
ba  in  Japan  by  Niva  at  al 
(1972)  ,  Kaaigaite  and  Oyama 
(1973) ,  Koaaya  at  al  (1974) 
Nisbida  and  NaJcaaura  and  in 
ena  O.S.  by  Tarviliigar 
(1974)  . 


Raguiramant  for  a  low-cost 
mass-production  fabrication 
process  suitable  for 
automotive  components. 
Substantial  government 
support.  Concerns  about 
potential  fuel  sbortages 
and  tna  naad  for  improved 
fual  economy. 


Raguiramant  for  a  dasign 
matnodology  compatibla  witn 
the  brittle  fracture 
behavior  of  ceramics  and 
the  probabilistic 
distribution  of  strength 
controlling  flaws. 

Technology  arose  from 
efforts  to  reduce  porosity 
and  increase  strength  by 
additives. 


Morton  efforts  driven  by 
dasira  to  commercialize  naw 
materials  using  hoc 
pramsing  capability  and 
capacity  initially 
amtablishad  for  Boron 
Carbide  axaor  production. 
Grain  boundary  anginaaring 
conducted  to  achieve 
impravod  high  tampacacure 
marnianiral  propartias. 


Driven  by  desire  to  avoid 
problam  of  high  tamparature 
property  degradation  due  to 
grain  boundary  sliding  of 
softanad  glassy  phases. 


Rasultad  initially  from 
charactarization  studies  at 
Hastinghousa  and  AMMRC  in 
support  of  tha  OARPA  gas 
turbine  program. 


Driven  by  dasira  to  achieve 
complex  shape  capability 
and  low  cost  to  allow 
commarcial  viability. 
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J.  Sincarad  RfiSN 


K.  Saa  Prassura  Sincarinq 


Two^aeap  gaa  praaaura 
sincaring 


H.  Hoc  Isoacacic  Praaainq 
(HIP) 


Z2. 

Innovation 

N.  Cutting  cools  lata 
1970 'a,  aarly  1980 ‘a. 


aiaehailo  and  Poppar 
(1979),  Mangais  (1981). 


Initial  worJe  at  AMMRC 
(Priaat  at  al  197T) . 


AMMRC  <•  Cundad  study  at  SS 
(Grasicovich  ,  laai)  . 
Appliad  to  sincarad  RBSN  at 
ford  by  Mangais  in  aarly 
1980 'a.  Latar  adopcad 
broadly  in  Japan  wicn 
publications  appaaring  in 
1987  and  latar. 


Initial  innovation  by 
liSrMar ,  Adlarbom  and 

Bobaan  (1977)  of  AS:'A  in 
Svadan.  Zneludad 

davalopaant  of  a  glass 
aneapsulation  tacbniqua 
coapacibla  with  fabrication 
of  complax  sbapas  sucn  as 
intagral  curbina  rotors. 


Contributors 

Sialon  cutting  tools 
davalopad  at  Uicas  Rasaared 
Cantar  England  by  Lusby  at 
al.  Tacnnology  licansad  to 
SandviX  and  Kannasatal. 
latar  activa  worx  on  Si^. 
coapositions  by  C7S,  Norton 
and  Isear  in  tba  a.S.  and 
by  NTX  and  Kyocara  in 
Japan. 


Oasira  to  reduca  porosity 
to  increasa  oxidation 
rasistanca  and  strengtn  and 
also  to  acnieve  a  densa 
complex  shapa  vitn  reduced 
snrinXage  compared  to 
pressureless  sintering; 
resiilted  in  some  of  tte 
earliest  bign  Waibull 
modulus  material  (a  >  20) . 


Resulted  from  efforts  to 
reduca  decomposition  of 
Si^N;  during  sintering  to 
acnieve  bigtier  density  and 
improved  properties.  Was 
cried  at  AMMRC  under 
encouragement  of  H.R.  Xat: 
because  an  over  pressure 
furnace  was  available. 


Efforts  to  optimize  gas 
prassura  sintaring  and  to 
go  to  bigbar  tampara cures 
to  obtain  improved  density 
witn  compositions  having 
higher  temperature 
stability. 


Resulted  from  ASZA's 
efforts  to  develop  marXats 
for  sala  of  HI?  aguipmenc. 


Factors  Influancing 
Innovation 

Intarast  of  Roils  Roycs  and 
otnars  in  reducing  coat  of 
aacnining  of  macais. 
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3«arinqs 


OiMAl  Snqina  Slow 
Pluqs 


Oiosol  Hoc  Plugs 


Ql«s«l  swirl  cnsmbsr 


Pocicsr  Aca  M«ar  Pad 


Torfioe&argar  Roeor 


Rocor,  acacora, 
ahrouda  oC  aucoaoclva 
siza  gaa  curbina 
angina. 


Oaaonacracion  ot 
inexaaaad  parfonanea 
of  a  gaa  euzbina 
angina  corougd  cba  oaa 
o<  caraaie  caaponanca. 


Faasitoilicy  daaonacraead  by 
Norcon  in  adouc  1972.  noc 
caaaareial  uncil  laca 
1980's  by  a  joinC  vencura 
of  Horeon  and  Torringcon. 


Xncroducad  by  Isuzu  in  1981 
and  Nissan  in  1985. 


Incroducad  by  Isuzu  for 
naturally  aspiracad  diasal 
anginas  in  1982  and  by 
Toyota  for  suparcbargad 
diasals  in  1984. 

Incroducad  for  axport  by 
Hazda  in  1986  in  a  2  litar 
indiract  ini action  biasal. 


Incroducad  into  production 
by  Wittsuftisai  in  1984  for 
ovarnaad  can  aucoaobila 
anginas  fualad  witA 
karosana,  alcobol  or  liquid 
propana. 


Incroducad  by  Nissan  in 
1985  in  tna  300ZX. 


Rigs  and  angina  oparacad  ac 
up  to  2SOOOP  by  Ford  Hecor 
Co.  Mid  to  lacs  1970 's. 


Sarracc  Tozbins  Eagina  Co. , 
1980. 


Intar ast  of  OS  nil i Cary  in 
a  baaring  tOat  could  run 
undar  lubrication 
starvation.  Conaarcial 

application  dalayad  until 
low  coat  HI?  tacnnology 
undar  ASEA  licansa 
available. 


108  increase  in  power 
output. 


Reduction  of  parciculaca 
aszsaions  by  2/3. 


Naad  for  a  aatarial  cbac 
could  ba  cast  into  tba 
aluBinuB  aacal  and  tnac 
would  solve  savers  wear 
problaas. 


38%  faster  response  tnan  a 
Bstal  turbocnargar  rotor. 


Oaaonscration  of 
faasibili^  to  oparats  a 
gas  turbine  at  incraasad 
tssparatura  tbrougb  tba  use 
of  earaaic  coaponants. 

Oaaunscratad  30%  ineraasa 
in  power  and  7%  dacraasa  in 
fual  consuapcion  in  a 
noainally  lOOO  borsapowar 
turboprop  angina. 


In  1971  the  U.S.  Department  of  Defense  Advanced  Research  Projects  Agency  (DARPA) 
funded  a  program  with  Ford  and  Westingbouse  aimed  at  a  high  temperature  gas  turbine. 
Major  ixmovadons  were  developed  at  Ford  Motor  Company  for  brittle  material  design 
validation.  Injection  molding  and  slip  casting  methods  were  developed.  From  characteriza* 
tion  of  Ford-Westingfaouse  materi^  an  understanding  of  airborne  grain  growth  was 
obtained  which  gave  greater  toughness.  Intensified  silicon  nitride  rese<  'di  in  both  Japan  and 
the  United  States  was  a  result  of  the  1973  oil  crisis.  Grain  boimdary  microstructure 
developments,  grain  boundary  crystallization  and  pressureless  sinteiing  with  additives  of 
alumina  and  yttria  were  developed  more  or  less  in  parallel  in  the  United  States  and  Japan 
during  the  1^0’s.  The  Ford-Westinghouse  program  funded  by  DARPA  and  administered 
by  the  Army  Materials  and  Mechanics  Research  Center  demonstrated  that  an  automotive 
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ceramic  gas  turbine  engine  was  feasible;  Westinghouse  demonstrated  that  large  stator  veins 
suitable  for  power  generation  turbine  would  withstand  simulated  conditions.  The  Cummins 
Engine  Compaxiy  demonstrated  an  adioabatic  uncooled  diesel  engine  using  zirconia  based 
ceramics.  The  Garrett  Turbine  Engine  Company  operated  a  turboprop  engine  containing 
reaction-bonded  and  hot  pressed  parts.  Detroit  Diesel  Alison  operated  a  diesel  truck  engine 
incorporating  ceramics  components.  Kyocera  Corporation  operated  a  three  cylinder  silicon 
nitride  diesel  automotive  engine. 

These  technological  accomplishments  did  not  address  questions  of  cost,  markets,  long¬ 
term  reliability  or  reprodudbili^.  They  had  a  significant  effect  in  demonstrating  that  engine 
Components  can  survive  thermal  and  mechanical  stresses  in  realistic  environments  and 
encouraging  continued  materials  development  and  characterization  research.  Engine 
development  programs  continue  at  Garrett  and  at  the  Alison  Gas  Turbine  Division  of 
General  Motors. 

The  Ford  Automotive  Engine  program  administered  by  the  Army  Materials  & 
Mechanics  Research  Center  had  a  strong  influence  in  developing  the  percepnon  that 
advanced  materials  and  brittle  design  could  work  together  for  the  production  of  ceramic 
engine  components.  Dr.  R-N.  Katz  was  in  charge  of  the  AMMRC  program.  His  perceptions 
follow: 


THE  ROLE  OF  THE  ARPA/FORD/WESTINGHOUSE/AMMRC  BRITTLE  MATERIALS 
DESIGN:  HIGH  TEMPERATURE  GAS  TURBINE  PROGRAM  IN  STIMULATING 
SIUCON  NITRIDE  TECHNOLOGY  -  A  RETROSPECTIVE 


R.  Nathan  Katz,  Worcester  Polytechnic  Insdmte 


Introduction  _ 

This  paper  is  a  retrospective  of  the  role  of  the  ARP  A/FORD /WESTINGHOUSE/ 
AMMRC  PROGRAM^  in  the  development  of  silicon  nitride  technology.  As  shown  in  Table 
I,  silicon  nitride,  which  does  not  occur  in  nature,  was  first  synthesized  and  identified  in  about 
1895.  Since  that  time  it  has  been  the  object  of  much  scientific  and  engineering  research,  and 
starting  around  1980  it  has  seen  inaeasing  commercial  exploitation.  The  ARPA  program 
provided  a  stimulus  for  much  of  the  technology  development  that  lead  to  eventual 
commercialization.  The  ARPA  program  also  provides  an  interesting  case  study  of  the  role 
of  the  vision  of  key  individuals  in  several  diverse  organizations  converging  at  a  unique  point 
in  time;  technologicaily,  instimtionally  and  economically.  This  paper  will  highlight  some  of 
the  significant  achievements  in  the  technology  of  silicon  nitride  that  were  attributable  to  the 
ARPA  Program.  As  is  evident  from  an  examination  of  Table  I,  the  history  of  silicon  nitride 
technology  is  also  a  ^sdnating  case  study  of  technology  transfer  on  a  global  basis  and  thus, 
a  fitting  topic  for  this  conference. 

Background 

The  Advanced  Research  Projects  Agency  (ARPA)  sponsored  Brittle  Materials  Design; 


‘  (Hereafter  simpiy  referred  to  at  the  ARPA  Program,  ARPA  is  carrentiy  called  DARPA  the  Defease 

A4IV1KM  KCS6V6&  rrOJCCB  AgjBOCj), 
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TABLE  I 


SlUCON  NITRIDE  •  A  BRIEF  HISTORY 


1895 

MEHNER  PATENT.  GERMANY 

198(rs 

R8SN  PARa  GODFREY,  MAY  ET  AL.  MTU  UK 

1960's 

HPSN  LUCAS  CO..  UK 

EARLY  1970’s 

IMPROVED  RBSN 

IMPROVED  HPSN  OARPA/FORO/WEST./NORTON/AMMRC.  US 

MID  1970's 

SINTERED  SN  GAZZA.  AMMRC  JAPAN 

LATE  1970's 

HIP  Si3N4  LARKER  ASEA  SWEDEN 

S-RBSN  GIACHELLO  AND  POPPER,  FIAT,  ITALY 

2-STEP  GAS  PRESS  SINT.  GRESKOVICH  AND  GAZZA.  GE/AMMRC 

1980's 

APPUCAT10NS  AND  PROCESS  DEVELOPMENT 
COMMERCIALIZATION  •  MAINLY  JAPAN 

1989-1990 

2nd  GENERATION  FULL  DENSITY  -  SELF-REINFORCED  Si3N4 

K|e  =  10.  S  s  1  GPs  •  DOW.  ALUED-SIGNAL  NKK.  US.  JAPAN 

High  Temperature  Gas  Turbine  Program  (hereafter  referred  to  as  the  ARPA  Program), 
initiated  in  1971,  was  a  major  event  in  the  history  of  the  development  of  silicon  nitride 
science  and  technology.  It  was  clear  from  the  very  inception  that  to  was  to  be  both  a  very 
challenging  and  an  unorthodox  program.  What  was  to  become  clear  only  with  the 
perspective  of  hindsight  was  that  to  program  was  highly  successful  in  attaining  ARFA’s 
original  goal  and  that  within  the  US  Department  of  Defense’s  materials  research 
environment,  it  was  a  unique  transdisdplinary  program 

The  ARPA  Program’s  goal  was  to  encotirage  designers  to  utilize  brittle  materials.  Brittle 
materials  such  as  ceramics,  carbon  composites,  and  intermetallic  compounds  provide 
extraordinaiy  high  temperature  strength,  high  specific  strength,  and  a  variety  of  other 
attractive  properties.  By  1970  it  was  dear  to  the  Materials  Sdence  Division  of  ARPA  that 
there  were  many  advanced  concepts  for  military  systems  which  required  the  unique 
combinations  of  properties  that  many  of  these  brittle  materials  could  provide.  Yet,  designers 
were  reluctant  to  use  these  materials.  This  was  an  entirely  understandable  position.  Brittle 
materials,  by  their  very  nature,  are  prone  to  unpredictable  catastrophic  failure  if  subjected 
to  tensile  stresses.  No  designer  dare  risk  the  possibility  of  such  failure,  nor  will  society 
accept  it  What  was  required  was  to  simultaneously  develop  a  methodology  for  reliable 
design  with  brittle  materials  and  to  learn  how  to  improve  the  materials  themselves,  not  to 
make  them  nonbrittle,  but  to  make  them  provide  consistent  and  predictable  behavior. 

With  regard  to  the  goal  of  utilizing  brittle  materials  to  enhance  systems  performance, 
the  history  of  technology  gives  us  considerable  cause  for  optimism.  The  enabling  material 
for  the  industrial  revolution's  steam  engines  and  other  madiinery  was  cast  iron  •  a  brittle 
materiaL  With  the  advent  of  steel  and  other  high  strength,  ductile  structural  metals, 
designers  no  longer  utilized  brittle  materials  as  tensile  load  bearing  components.  As  a 
consequence  design  practices,  "rules  of  thumb",  and  experience  built  up  over  centuries  were 
no  longer  transmitted  from  senior  to  junior  design  engineers.  However,  we  are  now  at  a 
stage  of  technological  development  where  the  high  strength,  ductile  metals  are  reaching 
their  intrinsic  limits  with  regard  to  temperature  and  specific  strength  properties.  Thus, 
further  development  of  systems  such  as  gas  turbines,  industrial  heat  exchangers,  metal 
catting  and  fonnii^  toolsmiissile  guidance  domes,  or  bearings  require  the  exploitation  of 


materials  that  are  brittle.  Looking  at  the  state  of  the  art  of  brittle  materials  design  in-1970 
ARPA  saw  that  there  was  considerable  understanding  of  brittle  materials  behavior  and  the 
beginning  of  a  coherent  design  philosophy  Pukes].  ARPA  also  noted  the  considerable 
progress  that  had  been  made  in  computer  hardware,  and  in  software  for  applying  numerical 
methods  of  thermal  and  stress  analysis  (finite  element  and  finite  difference  techniques). 
Thus,  ARPA  asked  the  question:  "can  emerging  brittle  materials  design  philosophy  be 
married  to  computer  based  numerical  analysis  at  this  time  in  an  effective  manner  and 
thereby  encourage  wider  use  of  this  class  of  materials?". 

Concurrent  with  progress  in  computer  aided  numerical  design  techniques,  improved 
ceramic  materials  such  as  silicon  carbide  and  silicon  nitride  were  transitioning  from  research 
laboratories  into  commercial  production.  Silicon  nitride  in  particular  had  been  the  object 
of  over  a  decade  of  intensive  research  supported  by  the  British  AdmiralQ^  Materials 
Laboratory.  The  fruits  of  this  research  were  a  variety  of  processes  for  fabricating  reaction 
bonded  silicon  nitride  (RBSN),  the  development  of  fully  dense  hot  pressed  silicon  nitride 
utilizing  a  MgO  densification  aid,  and  a  preliminary  data  base  on  the  materials  properties 
and  behavior;  all  of  which  clearly  justified  further  development  of  the  material.  Moreover, 
components  of  RBSN  had  been  fabricated  by  several  methods  that  seemed  commercially 
viable.  Dr.  David  J.  Godfrey  of  the  Admiralty  Laboratory  had  even  made  a  small,  low 
performance  diesel  engine  with  a  piston,  rings,  wrist  pin,  and  tylinder  all  of  RBSN 
[Godfrey].  This  engine  powered  a  lawn  mower  which  was  used  to  cut  the  Admiralty 
Laboratory’s  lawn  ca  1970. 

Dr.  Maurice  J.  Sirmott,  who  in  1970  was  the  Director  of  the  Materials  Sciences  Division 
at  ARPA,  believed  that  the  goal  of  encouraging  designers  to  use  brittle  materials  could  be 
achieved  if  a  sufficiently  dramatic  demonstration  of  the  effective  use  of  such  materials  were 
made.  The  materials  would  have  to  demonstrate  their  abiliQ'  to  function  and  to  provide 
systems  advantages  at  temperatures  far  beyond  the  capabilities  of  conventional  engineering 
metals.  The  result  was  that  ARPA  chose  to  demonstrate  a  "ceramic"  gas  turbine,  operating 
without  cooling,  at  a  2500  "F  (1375*C)  turbine  inlet  temperature. 

The  program  was  unorthodox  in  many  regards.  Perhaps  the  most  unorthodox  aspect,  was 
that  a  program  to  advance  materials  technology  would  depend  to  a  very  large  extent  on 
novel  gas  turbine  engine  design,  the  development  of  turbine  component  test  rigs  operating 
in  temperature  regimes  beyond  previous  experience,  and  the  use  of  component  design  and 
reliability  prediction  methodologies  that  were  developing  in  parallel  with  the  materials.  We 
did  not  realize  it  at  the  time  but  we  had  implemented  one  of  the  earliest  concurrent 
engineering  programs.  Some  aspects  of  the  interdisciplinary  team  approach  that  was 
implemented  to  facilitate  this  "concurrent  engineering"  approach  are  discussed  in  the  paper 
by  McLean  in  these  proceedings  [McLean].  The  fact  that  a  large  portion  of  the  ARPA 
materials  science  budget  was  going  to  engine  hardware  caused  considerable  consternation 
to  many  materials  scientists  who  did  not  appreciate  the  fact  that  research  funds  that  they 
viewed  as  potentially  "theirs"  should  be  directed  toward  other  technical  areas.  However,  it 
is  clear,  again  with  the  benefit  of  hindsight,  that  forcing  materials  to  be  tested  in  real  engine 
environments,  from  the  start,  focused  the  research  effort  so  that  the  "show  stopping" 
materials  deficiencies  were  addressed  early  and  with  reasonable  resources.  This  focusing  of 
R&D  activities  was,  I  believe,  one  of  the  principal  reasons  that  the  ARPA  program 
contributed  so  much  to  silicon  nitride  technology  in  such  a  relatively  short  time  span. 

To  recapitulate,  by  the  end  of  1970  ARPA  had:  1)  identified  the  need  to  stimulate 
brittle  materials  utilization;  2)  identified  a  strategy  for  addressing  this  need;  3)  had 
determined  that  the  requisite  enabling  technologies  were  available  (even  if  not  fully 
developed);  4)  decided  that  the  program  would  have  to  be  interdisciplinary;  and  5) 
programmed  a  reasonable  amount  of  funds  to  start  such  a  project  (approximately  10  million 
1970  dollars,  roughly  equivalent  to  30  million  1990  dollars).  ARPA’s  next  task  was  to 


assemble  a  team  of  contractors  and  a  government  laboratory  to  act  as  program- monitorrso  ^  ^  ^ 
that  their  vision  could  be  translated  into  reality. 

The  Enabling  Organizations 

As  the  result  of  a  lengthy  and  extensive  process  of  soliciting  competitive  proposals, 
reviewing  them  utilizing  panels  of  technical  experts  assembled  from  a  variety  of  Department 
of  Defense  and  NASA  laboratories,  and  subsequent  negotiations,  ARPA  selected  a  group 
of  organizations  that  would  carry  out  the  program.  The  Ford  Motor  Co.  was  selected  to  be 
the  p.ime  contractor.  Westinghouse  Corp.  was  to  be  a  subcontractor,  and  the  Norton  Co. 
was  selected  as  the  principal  materials  supplier.  The  Army  Materials  and  Mechanics 
Research  Center  (now  known  as  the  Materials  Technology  Laboratory,  MTL)  was 
designated  as  the  government’s  contracting  agency  and  technical  monitor.  Each  of  these 
organizations  brought  the  strengths  shown  in  Tables  n  and  m. 

The  Army  Materials  and  Mechanics  Research  Center  (AMMRC)  in  Watertown,  MA, 
had  the  largest  ceramics  research  laboratory  in  the  US  DoD  and  had  research  programs  on 
silicon  nitride  ongoing  as  of  1969.  In  1970,  AMMRC  arranged  for  Dr.  D.R.  Messier,  the 
principal  investigator  of  this  program  to  spend  four  months  as  an  exchange  scientist  at  the 
Admiralty  Materials  Laboratory  in  the  UK.  This  exchange  conducted  in  1971,  helped  to 
bring  the  AMMRC  work  on  silicon  nitride  to  a  state  of  the  art  level  very  quickly.  The 
exchange  also  initiated  an  ongoing  relationship  between  these  two  laboratories  and  resulted 
in  a  very  effective  two  way  technology  transfer  which  was  to  remain  effective  for  well  over 
a  decade.  Thus,  by  1971  when  the  ARPA  program  was  initiated  AMMRC  already  possessed 
considerable  technical  capability  and  a  demonstrated  management  commitment  to  this  key 
technology  for  the  project  AMMRC  also  possessed  a  strong  design  and  mechanics  group 
with  experience  in  ^e  use  of  numerical  methods  to  solve  complex  materials  systems  design 
problems.  AMMRC  also  had  a  Director,  Dr.  A.  E.  Gorum,  who  was  a  strong  proponent  of 
this  approach  to  research  as  well  as  to  the  technology  itself.  Thus,  AMMRC  was  ARPA’s 
choice  for  monitor  of  the  program.  Dr.  Gorum  agreed  to  AMMRC  assuming  this  role  but 
only  on  the  condition  that  AMMRC  be  a  "participative  monitor",  that  is  not  merely  manage 
the  contract  and  provide  technical  oversi^t  (the  traditional  government  laboratoxy’s  role 
in  sponsored  research)  but  that  we  should  play  a  supporting  role  in  technology  development. 

This  participative  monitoring  was  another  unusual  aspect  of  t'  ARPA  program. 

TTie  Ford  Motor  Co.,  the  prime  contractor,  had  a  stronr  mitment  to  vehicular  gas 
turbines  in  the  late  1960’s  -  early  1970’s.  Small  gas  turbine'  automobiles  must  operate 
at  turbine  inlet  temperatures  well  beyond  the  capabilities  ot  .>„peralloys  if  they  are  to  have 
fuel  economies  equal  or  superior  to  reciprocating  engines.  Moreover,  the  costs  of 
manufacturing  an  automotive  gas  turbine  from  superalloys  which  require  intrinsically 
expensive  metals,  such  as  Ni,  Nb,  or  Co,  would  be  prohibitive.  Furthermore,  the  manufactur¬ 
ing  costs  attendant  to  manufacturing  small  turbine  blades  and  vanes  with  complex  internal 
air  cooling  that  the  use  of  superalloys  would  require,  were  they  to  be  utilized,  would  be 
unacceptable  economically  and  aerodynamically.  Thus,  as  early  as  1967  Ford  had 
determined  that  because  of  the  limitations  of  superalloys  a  viable  automotive  gas  turbine 
would  have  to  be  largely  manufactured  from  ceramic  components.  Ford  had  an  internally 
funded  program  headed  by  Mr.  Arthur  McLean  aimed  at  developing  a  250  hp,  uncooled 
ceramic  gas  turbine  suitable  for  a  Lincoln  sized  automobile.  Thus,  the  prime  contractor  had 
internal  corporate  goals  and  commitment  in  total  harmony  with  those  of  ARPA.  Ford 
wanted  the  program  in  order  to  accelerate  what  they  were  already  doing  and  not  just  to 
develop  technology  for  a  fee  as  is  often  the  case  with  government  sponsored  R&D.  In  part 
because  of  this  commitment,  and  in  part  because  of  a  corporate  culture  that  was  l^e^y  of 
taking  government  contracts  (because  of  a  belief  the  government  would  interfere  w  i  the 
way  they  did  business)  Ford  elected  to  cost  share  the  program  approximately  50  percent. 

They  purchased  all  materials  and  equipment,  provided  all  test  equipment,  and  absorbed 
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TABLE  n 


ARPA  •  BMD  PROGRAM 

ENABUNG  ORGANIZATIONS:  GOVERNMENTAL 


•  ARPA; 

•  VISION 

•  DOLLARS 

•  ‘THE  WILL* 


•  AMMRC 

•  SHARED  THE  ARPA  VISION 

•  CERAMICS  &' MECHANICS  BACKGROUND 

•  MANAGEMENT  COMMITMENT 

(THROUGHOUT  THE  ORGANIZATION) 


(ea  1970) 


TABLE m 


ARPA  •  BMD  PROGRAM 

ENABUNG  ORGANIZATIONS:  INDUSTRIAL 


•  FORD; 

TEAM  IN  PLACE  WITH  •  TECHNOLOGY  &  MOTIVATION 
IN4KMJSE  PROJECT  UNDERWAY 
STRONG  RNANCIAL  COMMITMENT 
PERCEIVED  NEED  FOR  TECHNOLOGY 

•  WESTINGHOUSE 

INFUSE  PROJECT  UNDERWAY 
PERCEIVED  NEED  FOR  TECHNOLOGY 

•  NORTON; 

UCENSED  HPSN  TECHNOLOGY  FROM  LUCAS.  UK 
ONLY  U.S.  PRODUCER  OF  MATERIAL 


(ea  1970) 


most  of  the  overhead  costs.  The  government  only  paid  for  direct  labor.  This  was  another 
unusual  aspect  of  the  program.  Looking  back,  it  was  a  very  important  aspect  because  it 
speeded  up  the  pace  of  the  research.  Ford  did  not  have  to  get  a  contracting  officer’s 
approval  every  time  they  wanted  to  get  a  major  piece  of  equipment  or  evaluate  a  new 
material  which  may  not  have  been  foreseen  six  months  or  a  year  before  when  an  annual 
operating  plan  was  approved. 

ARPA  wanted  to  demonstrate  that  large  as  well  as  small  components  could  be 
successfully  demonstrated.  Thus,  Ford  teamed  with  Westinghouse  Corp.,  who  had  an  interest 
in  using  ceramic  turbine  vanes  in  their  30  megawatt  gas  turbines  for  electrical  power 
generation  applications.  Westinghouse  Research  Center,  by  1970  had  a  small  internally 
funded  effort  to  utilize  hot  pressed  silicon  nitride  (HPSN  -  a  fully  dense  high  strength  form 
of  the  material)  in  this  application.  The  Westinghouse  subcontract  did  not  have  the  same 
cost  sharing  provisions  as  did  the  Ford  prime  contract  In  part  this  may  have  been  because 
Westinghouse  Research  was  accustomed  to  the  role  of  government  contractor  and  thus,  did 
not  share  Ford’s  wariness  of  this  role.  It  may  also  have  resulted  from  the  realization  that  the 
technology  was  risky  and  since  they  had  a  commercially  viable  product  by  using  air  cooling 
of  vanes  (a  technology  not  economically  viable  for  Ford)  they  had  less  time  urgency  with 
regard  to  this  opportunity.  Nevertheless,  at  the  program  start  Westinghouse  had  a  high  level 
of  commitment  to  making  this  technology  viable. 

Norton  Co.,  while  not  a  subcontractor,  was  the  only  domestic  supplier  of  both  RBSN 
and  HPSN.  Norton  also  had  unique  technology  for  producing  high  strength,  fully  dense 
silicon  carbide.  Their  licensing  of  technology  to  make  high  strength  HPSN,  from  Jos.  Lucas 
Co.,  in  the  UK,  provided  both  a  domestic  source  for  this  key  material  and  a  technology  base 
from  which  significant  improvements  to  the  material  were  to  be  made  in  response  to  needs 
identified  in  the  ARPA  program  test  results. 

In  this  brief  review  of  the  roles  of  the  various  enabling  organizations,  I  believe  that  a 
significant  cultural  difference  between  US  and  Japanese  program  management  is  evident 
I  have  stressed  the  faa  that  we  had  three  strong  managers,  or  technology  "champions”, 
whose  vision,  personal  management  styles,  and  commitment  were  key  to  the  ARPA 
program’s  uniqueness  and  success;  namely  Drs.  Sinnott  and  Gorum  and  Mr.  McLean.  I  am 
not  sure  that  our  Japanese  colleagues  would  attribute  so  much  importance  to  the 
personalities  of  the  program  managers  for  program  success. 

Before  going  on  to  review  some  of  the  major  innovations  to  the  science  and  technology 
base  of  silicon  nitride,  I’d  like  to  briefly  address  the  issue  of  why  a  program  that  at  its  outset 
had  no  preference  between  silicon  nitride  and  silicon  carbide,  came  to  concentrate  almost 
exclusively  on  silicon  nitride  by  the  end  of  the  program. 

Why  Silicon  Nitride  Over  Silicon  Carbide  ? 

There  were  many  reasons  why  silicon  nitride  gradually  became  the  preferred  material. 
The  lack  of  sinterable  silicon  carbide  powders  ca  1970-1975  played  a  major  negative  role 
in  retarding  research  on  the  material.  The  rapid  rate  of  property  improvement  of  silicon 
nitride  vs.  silicon  carbide  also  played  a  role.  (An  excellent  summary  of  the  improvements 
in  HPSN  by  the  Norton  Co.,  during  the  ARPA  program  has  been  provided  by  Torti.) 
However,  I’d  like  to  focus  on  one  aspea  of  this  issue  which,  I  believe,  has  been  unappreciat¬ 
ed  or  overlooked.  Namely,  impressions  of  materials  performance  resulting  from  unplaimed 
failures  of  components  in  test  rigs.  Early  in  the  Westinghouse  portion  of  the  program  a  high 
temperature  test  of  eight  ceramic  vanes,  four  of  silicon  carbide  and  four  of  silicon  nitride, 
was  carried  out  at  2300  *  F  in  a  test  rig.  The  rig  consisted  of  a  metal  superalloy  combustor 
and  transition  duct  with  the  ceramic  vanes  downstream.  During  one  run  an  overtemperature 
event  caused  the  metal  combustor  to  partially  melt,  break  into  pieces,  be  blown  downstream 
and  impact  the  ceramic  vanes.  Simultaneously  the  temperature  instantaneously  fell  from 
about  2300  *F  to  about  600  *F  (the  compressor  discharge  temperature),  an  enormous 


thermal  shock.  AJi  hot  pressed  silicon  carbide  vanes  failed  catastrophically,  while  the  silicon 
nitride  vanes  suffered  little,  if  any  damage  (see  Figure  1).  This  unplanned  failure  and  its 
result  hada  profound  effect  on  the  perceived  viability  of  silicon  carbide  compared  to  silicon 
nitride  for  many  associated  with  the  program  (including  myself).  After  this  event,  and 
several  other  similar  in  kind  (if  not  in  scale)  events  in  the  Ford  portion  of  the  project, 
silicon  nitride  work  was  emphasized  at  the  expense  of  silicon  carbide. 


Fig.  1.  Comparison  of  damage  to  silicon  nitride  and  silicon  carbide  turbine  vanes  resulting  from  failure 
of  a  superalloy  combustor 


Research  Innovations  Resulting  from  the  ARPA  Program 

The  ARPA  program  resulted  in  a  great  many  advances  in  silicon  nitride  technology.  I 
have  chosen  to  highlight  advances  in  RBSN,  HPSN  .ud  processing  technology  which  I 
believe  to  be  of  enduring  significance.  Table  IV  lists  three  major  advances  in  reaction 
bonded  silicon  nitride  technol<)g^.  These  advances  involved  fundamental  understanding  of 
the  factors  effecting  the  nitridation  of  silicon  and  how  to  control  these  factors  to  produce 
an  improved  microstructure  with  resultant  pioperty  improvements.  Table  V  lists  highlights 
(h'  work  w’hich  elucidated  the  central  rc  le  of  ihe  grain  boundary  ohase  in  hot  pressed  silicon 
nitride.  The  ability  to  understand  the  relat'onship  of  the  grain  boundary  chemistry'  and 
phase  composition  in  HPSN  in  developing  high  temperature  strength  established  a  gram 
boundapv’  ensineerinc  straieg%  tor  improving  fully  dense  silicon  nitride  which  is  stiil  utilized. 


TABLE  IV 


ARPA  •  BRITTLE  MATERIALS  DESIGN  PROGRAM 


ADVANCES  IN  HPSN 


•  IDENTIREO  IMPORTANCE  OF  ALKAU 

IMPURTIES  IN  as.  GLASS  •  RiCHARSON  (NORTON) 

•  IDENTIFIED  IMPORTANCE  OF 

Si02/M0  ADDITIVE  RATIO  •  LANGE  (WESTINGHOUSE) 

•  IDENTIFIED  Y2O3  ADDITIVE  •  GAZZA  (AMMRQ 

•  ELUCIDATION  OF  GRAIN  BOUNDRY 

ENGINEERING  APPROACH  •  KATZ  (AMMRC) 


TABUE  Y 


ARPA  •  BRITTLE  MATERIALS  DESIGN  PROGRAM 


ADVANCES  IN  RBSN 

•  EFFECTS  OF  ADDITIVES  AND  ATMOSPHERE  DETERMINED 

•  RSHER.  MANGELS,  EZIS  (FORD) 

•  CONTROL  OF  NITRIDING  EXOTHERM: 

NITROGEN  DEMAND  CONTROL  SYSTEM 

•  RSHER.  MANGELS  (FORD) 

-  MESSIER.  WONG  (AMMRQ 

•  FUNDAMENTAL  STUDY  OF  NITRIDATION  KINETICS 

•  MESSIER.  WONG  (AMMRQ 
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Table  VI  lists  several  advances  in  processing  science  which  are  the  basis  for  much  of  today’s 
commercial  silicon  nitride  processing  technology. 

TABLE  VI 


ARPA  •  BRITTLE  MATERIALS  DESIGN  PROGRAM 


ADVANCES  IN  PROCESSING  SaENCE 

•  INITIAL  WORK  ON  N2  OVER  PRESSURE  GAS  SINTERING  OF 

Si3N4  -  GA2ZA  (AMMRQ 

•  INITIAL  WORK  ON  ADAPTIVE  CONTROL  TECHNOLOGY  APPLIED  TO 

MATERIALS  PROCESSING  •  INJECTION  MOLDED  GREEN  BODIES 

FOR  RBSN  •  BAKER  ET  AL  (FORD) 

•  N2  demand  cycle  process  control 

•  FISHER,  MANGELS  (FORD) 

•  MESSIER  WONG  (AMMRQ 

Technology  Transfer 

Prior  to  the  program’s  initiation  ARPA  and  AMMRC  jointly  decided  that,  in  order  to 
fulfill  the  goal  of  stimulating  the  use  of  brittle  materials,  the  maximum  involvement  of  the 
wider  technical  community  was  desired.  One  mechanism  to  achieve  this  was  to  hold  periodic 
open  review  meetings  to  which  the  technical  community  was  invited,  and  at  which  the 
ARPA  program  results  and  the  results  of  related  non-ARPA  programs  were  also  presented. 
Starting  in  1974  AMMRC  began  working  with  a  group  responsible  for  heat  engine 
development  for  the  Environmental  Protection  Agency  (this  group  was  later  to  be 
transferred  to  the  Dept  of  Energy,  and  became  the  DoE  office  of  highway  transportation) 
to  transfer  relevant  technology  to  the  civilian  sector.  Technology  developed  and  demonstrat¬ 
ed  in  the  ARPA  Brittle  Materials  Design  Program  was  transferred  to  all  subsequent  ARPA 
and  DoE  engine  programs,  as  suggested  in  figure  Z 


FI9.Z  U^.  Gavemmeiu  sponsored  gas  turbine  programs  1970-1990 


1971 


1979 


Technology  developed  in  the  ARPA  Program  also  played  a  major  role  in  the 
development  of  silicon  nitride  cutting  tools  and  bearings.  The  yttrium  oxide  additive  for 
silicon  nitride  [Gazza]  is  used  in  most  silicon  nitride  cutting  tools  manufactured  in  the  US. 
Similarly  the  current  ceramic  bearings  manufactured  by  the  Cerbec  Co.  (a  Torrington- 
Norton  joint  venture)  are  made  of  a  material  which  is  a  further  development  of  NC-132 
silicon  nitride  which  was  developed  for  the  ARPA  Program. 

Was  the  ARPA  Program  a  Success? 

There  are  those  who  maintain  that  because  no  one  is  driving  a  vehicle  with  a 
conunercial  ceramic  gas  turbine  today,  the  program  was  unsuccessful  Such  a  view  shows  a 
fundamental  misunderstanding  of  the  ARPA  program’s  goal.  The  goal  was  to  encomage  the 
wider  use  of  brittle  materials.  In  this  regard  the  program  was  eminently  successful.  Had  the 
program  been  unsuccessful  there  would  not  have  been  the  follow-on  ceramic  gas  turbine 
programs  shown  in  figure  2.  For  the  subject  of  this  paper,  the  role  of  the  ARPA  program 
in  the  development  of  silicon  nitride,  it  is  clear  that  the  existence  of  a  major,  focused 
project,  largely  dependent  on  this  material  significantly  accelerated  its  development 
Conclusions 

The  ARPA  program  played  a  critical  role  in  the  development  of  silicon  nitride.  In 
hindsight  one  can  attribute  this  to  several  factors  some  of  which  were  unusual  or 
non-traditional  in  US  government  supported  programs.  Some  of  these  were: 

•  Provision  of  clear  goals  (i.e.,  operate  in  a  turbine  at  2500  *  F) 

•  Testing  in  engine  test  rigs  provided  rapid  feed-back  on  show  stopping 

materials  deficiencies.  This  allowed  research  on  the  material  to  be  focused. 

•  An  unusual  level  of  financial  commitment  by  the  prime  contractor. 

•  An  unusual  level  of  technical  participation  by  the  government  laboratory  monitoring 

the  program. 

•  An  upfront  commitment  to  technology  transfer. 

•  The  vision  and  commitment  of  the  key  people  in  each  participating  organization. 
Each  of  these  factors  were  important  in  the  role  the  ARPA  program  played  in  the 
development  of  silicon  nitride.  I  believe  this  role  was  important  in  transforming  silicon 
nitride  into  a  commercially  useful  material. 
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The  Norton  Company  in  Worcester  Massachusetts  was  one  of  the  key  American 
manufacturers  providing  prototype  components  and  test  samples  for  the  AMMRC  program. 
David  Richerson  was  one  of  the  key  technical  participants  at  Norton  Company  and 
subsequently  worked  with  Garrett  Turbine  Engine  Company  development  His  perceptions 
of  the  American  corporate  perspective  from  the(point  of  view  of  a  technologist  follow; 


a 


AN  AMERICAN  CORPORATE  PERSPECTIVE 


David  W.  Richerson,  Ceramatec,  Inc 


The  listing  of  inventions  and  innovations  in  Table  1  above  suggests  that  the  U  S.  and 
Japan  have  both  been  effective  at  invention  and  technical  problem  solving,  but  Japanese 
industry  has  been  more  effective  at  identifying  and  implementing  applications.  These  trends 
have  been  influenced  by  many  factors,  some  which  are  cultural  and  some  which  are 
structural.  Key  factors  are  identified  in  Table  2.  Some  are  discussed  in  this  seaion  based 
upon  experiences  of  the  author  at  Norton  Company  (where  some  early  U.S.  material  and 
manufacturing  development  occurred)  and  at  Garrett  Turbine  Engine  Company  (where 
some  early  turbine  development  occurred).  The  initial  factors  to  be  discussed  include  (1) 
frame-of-mind  of  the  company,  (2)  key  core  technologies/compctencies,  (3)  persoimel 
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interactions,  and  (4)  resources.  Other  factors  and  elaboration  are  included  later  in  the  Si3N 
conference  summary. 


TABLE  2 

SOME  FACTORS  INFLUENCING  INVENTION  AND  INNOVATION 

•  Frame-of-mind  of  organization 

•  Core  technologies  /  competencies 

•  Personnel  interactions 

•  Resources  (source  and  level) 

•  Attitude  toward  use  of  technology 

•  Timing 

•  Commitment 

•  Continuity  /  duration 

•  Collaboration  /  partnerships 

•  Goals  and  milestones 

•  Market  fit 

•  Comfort  zone 

•  Innovation  window 

•  Prior  successes  or  failures 

•  Perception  of  acceptable  market  size 

•  Image 

•  Legal  /  regulatory  issues 

’  Protection  of  proprietary  position 


Experiences  at  Norton  Company  1969-1973 

Table  3  summarizes  some  key  factors  at  Norton  Company  during  their  early  Si3N4 
development  The  environment  was  excellent  for  achieving  rapid  progress.  Management 
provided  strong  support.  They  perceived  that  Norton  had  key  core  competencies  and 
enhanced  these  by  obtaining  a  key  license  on  hot  pressed  Si3N4  from  Lucas  Co.  (Solihul, 
England).  Furthermore,  they  could  envision  that  Si3N4  markets  could  offset  projected 
reduction  in  boron  carbide  armor  sales  (as  the  Viemam  conflict  subsided)  and  could  be  an 
important  diversification  beyond  abrasives  and  grinding  wheels. 

The  technology  implementation  approach  at  Norton  in  1970  is  identified  in  Table  4. 
This  was  started  at  low  level  with  a  couple  of  collaborating  engineers  and  technicians  and 
rapidly  grew  to  an  interdepartmental  team  with  pilot  scale  responsibility.  Communications 
were  directly  between  individuals,  cooperation  was  unrestricted,  and  substantial  decision 
making  was  encouraged  at  the  working  level.  This  was  a  dynamic  environment  and  led  to 
rapid  technology  improvement  and  size  scale-up.  Key  technology  contributions  of  the  team 
are  listed  in  Table  5. 

Norton  Company  had  the  best  Si3N4  powder  and  hot  pressed  Si3N4  in  the  world  in  the 
early  1970’s  and  a  superior  reaction-bonded  Si3N4.  Norton  sold  many  test  bars  and  prototype 
heat  engine  components,  primarily  as  a  vendor  to  government  programs.  In  addition,  Norton 
demonstrated  that  hot  pressed  Si3N4  had  better  rolling  contact  fatigue  life  than  the  best 
metal  bearing.  However,  in  spite  of  an  apparent  technical  lead.  Norton  did  not  achieve 


TABLE  3 
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NORTON  COMPANY  1969-1973 


FRAME-OF-MIND 

•  Top  management  interest  in  diversification  beyond  abrasives  and  grinding  wheels 

•  Focus  on  advanced  industrial  ceramics 

•  Desire  to  find  new  products  for  hot  pressing  facility  initially  established  for  armor 

•  Willingness  to  develop  or  buy  technology 

KEY  TECHNOLOGY 

•  Large-scale  hot  pressing 

•  Silicon  oxynitride  and  SiC 

•  Si3N4  license  from  Lucas 

•  Diamond  grinding 

PERSONNEL  INTERACTIONS 

•  Individuals  and  small  teams  had  technology  responsibility  from  R(feD  through  pilot  scale 

•  Marketing  group  pursued  applications  and  prototype  orders 

•  Characterization  through  service  group 

RESOURCES 

•  Company-funded 

•  5-year  commercialization  goal 


TABLE  4 
1971 

TECHNOLOGY  IMPLEMENTATION  APPROACH  AT  NORTON 

*  LICENSE  KEY  TECHNOLOGY  (Lucas) 

♦  CONDUCT  DEVELOPMENT  TO  IMPROVE  TECHNOLOGY  AND  ADAPT  TO 
NORTON  STRENGTHS 

*  Identify  deficiencies  by  strength,  microstructural,  and  fracture  surface 
evaluation 

*  Condua  material  and  process  improvement  iterations  guided  by  these 
evaluations 

*  Establish  both  patent  and  proprietary  technology  positions 

•  VERTICALLY  INTEGRATE 

*  Synthesize  improved  powder,  including  improved  design  of  synthesis 
apparatus 

*  Establish  low-contamination  powder  processing  in  clean-room  facility 

*  Develop  improved  machining  tools  and  procedures  and  establish  facility 
‘  Establish  QC  procedures  including  specifications  and  certifications 


TABLE  5 
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KEY  TECHNOLOGY  CONTRIBUTIONS 
OF  THE  NORTON  TEAM  1970-1973 

*  Synthesized  the  best  quality  Si3N4  available  in  the  early  1970’s, 

*  Improved  the  high-temperature  strength  of  hot  pressed  Si3N4  (MgO  sintering  aid)  by 
greater  than  a  factor  of  2. 

*  Increased  the  stress  rupture  life  of  hot  pressed  Si3N4  by  nearly  a  factor  of  10. 

*  Achieved  above  by  obtaining  an  understanding  of  the  faaors  controlling  these 
properties,  i.e.,  specifically  the  influence  of  composition  of  the  grain  boundary  phase. 

*  Identified  through  fracture  analysis  the  fracture-initiating  flaws  and  made  major  progress 
in  eliminating  these  by  process  control. 

*  Optimized  heat  treatments  to  achieve  maximum  beta  phase  content  and  enhanced 
strength  and  fracture  toughness. 

*  Established  pilot  production  of  a  reproducible  material  (NC0132  Si3N4)  and  supplied 
the  needs  of  many  programs  in  the  1970’s. 

*  Also  established  a  source  of  high  quality  hot  pressed  SiC  and  reaction-bonded  Si3N4. 

*  Demonstrated  successful  Si3N4  bearing  performance. 


production  of  Si3N4  products  during  the  1970’s  or  early  1988’s.  There  are  a  number  of 
reasons  for  this,  some  of  which  are  relevant  to  the  factors  listed  in  Table  2.  The  following 
are  some  speculations  of  the  author  as  to  possible  reasons. 

1.  Emphasis  in  the  U.S,  on  turbine  engine  components  feasibility  demonstration 
programs;  the  market  was  for  a  limited  number  of  prototypes. 

2.  Hot  pressing  could  not  produce  complex  shapes  economically  competitive  with  other 
technologies  until  the  early  to  mid  1980’s. 

3.  Although  Nonon  had  a  superior  Si3N4  powder  and  some  requests  for  sale  of  the 
powder,  they  chose  not  to  sell  the  powder  for  two  reasons:  (1)  to  protect  proprietary 
technology  and  (2)  because  they  did  not  foresee  a  large  market  potential  outside  of  Norton. 

Experience  at  Garrett  Turbine  Engine  Company  1973-1984 

Table  6  summarizes  some  key  factors  at  Garrett  during  the  early  1970’s  which  affected 
their  decision  to  become  a«ive  in  Si3N4  technology.  Key  drivers  were  the  large  benefits  that 
could  be  achieved  in  engine  performance  improvement  and  fuel  reduction  through  the  use 
of  ceramics,  concerns  that  competitors  might  achieve  these  benefits,  and  potential  for 
substantial  government  funding  to  achieve  the  technology.  Initial  Si3N4  activities  at  Garrett 
were  cooperative  between  an  engineering  sciences  matrix  organization  and  a  project 
management  organization.  This  resulted  in  a  systems  approach.  Focus  was  on  demonstration 
of  feasibility  rather  than  development  of  a  commercial  engine. 

The  technology  implementation  approach  is  illustrated  by  Table  7.  This  approach  was 
utilized  through  1984  when  the  author  left  Garrett  and  is  still  utilized.  The  matrix  team  and 
system  approach  are  illustrated  in  Figures  2  and  3. 


TABLE  6 


FRAME-OF-MIND 


GARRETT  TURBINE  ENGINE  CO. 
1973-1975 


Interest  at  top  level  of  corporate  management 

Defensive  position 

Potentiai  for  Government  funding 


Initial  interest  in  short  life  engines 


KEY  TECHNOLOGY 

*  Broad  engine  design  options 

*  Strong  aerothennal  and  applied  mechanics  capabilities 

*  Extensive  rig  and  engine  test  capabilities 

PERSONAL  INTERACTIONS 

*  Matrix  organization 

*  Corporate  ceramic  review  board 

RESOURCES 

*  m&D 

*  Plans  to  obtain  Government  funding 


Fig.  2.  Material  and  Process  Oevelopmeat  Approach  at  Garrett  for  DARPA/Navy  Ceramic  Turbine 
Eagme  Demoiiatration  Progra^  1976-1980. 
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Fig.  3.  Rotor  Material  Characterization  Plan  for  Garrett  DARPA/Navy  Ceramic  Turbine  Engme 
Demonstration  Program 


TABLE? 

TECHNOLOGY  IMPLEMENTATION  APPROACH  AT  GARRETT 

•  Conduct  all  design,  assembly,  test  and  post-test  inhouse 

•  Conduct  characterization  to  evaluate  materials  options 

•  Select  vendors  for  fabrication  development  of  turbine  components 

•  Establish  inhouse  component  fabrication  capability 

•  Development  non-destructive  evaluation  criteria  and  capabilities 

•  Guide  development  of  improved  materials. 


Initial  efforts  at  Garrett  were  directed  toward  the  use  of  Si3N4  components  to 
demonstrate  increased  performance  in  an  existing  engine.  The  engine  selected  was  a 
turboprop  rated  at  715  horsepower.  Fig.  4  shows  the  original  schedule  and  the  initial 
ceramic  design  of  the  hot  section  of  the  engine.  All  static  structure  components  were 
fabricated  from  reaction-bonded  Si3N4  (sintered  Si3N4  and  HIP  Si3N4  were  not  yet 
developed).  Rotor  blades  were  fabricated  from  hot  pressed  ')i3N4  (by  very  expensive  profile 
grinding).  At  the  start  of  the  program,  the  only  organization  who  had  successfully  fabricated 
complex  shaped  turbine  components  was  Ford  Motor  Company.  Ford  was  not  willing  to  be 
a  commercial  supplier,  so  other  sources  had  to  be  developed.  Norton  was  subcontracted  as 
the  key  commercial  source  and  slip  casting  and  injection  molding  were  initiated  within  the 
Garrett  organization  at  the  AiResearch  Casting  Company.  Two  ex-Ford  employees  were 
hired  at  Garrett  who  provided  fabrication  technology  transfer  and  continuity  from  an  earlier 
Ford/D  ARP  A  program  (described  later  by  Art  McLean  and  Bob  Katz).  The  fabrication 
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efforts  were  successfiiL  Twenty  seven  engine  builds  were  achieved,  each  containing  104  Si3N4 
ceramic  components.  A  30%  improvement  in  power  and  a  7%  decrease  in  fuel  consumption 
were  demonstrated.  However,  long  term  cyclic  operation  was  not  achieved  due  to  a  contact 
stress  problem  at  some  ceramic-ceramic  interfaces. 

A  version  of  the  Garrett  engine  was  redesigned  and  operated  with  one  ceramic-blade 
rotor  stage  for  15  hours  with  no  problems.  Another  redesign  was  conduaed  (under  Air 
Force  funding)  to  solve  the  contact  stress  problem.  This  engine  design  was  also  successfully 
operated. 

The  Garrett  program  of  the  late  1970*s  addressed  many  key  technical  issues  of  Si3N4  and 
use  in  gas  turbines:  net-shape  fabrication,  £Iiw  reduction,  non-destructive  evaluation,  proof 
testing;  brittle  material  design,  proper^  data  base  (flexural  and  tensile  strength,  stress 
rupture  life,  cyclic  fatigue,  contact  stress  resistance,  oxidation/  corrosion  in  burner  rigs, 
impact  tolerance,  response  to  vibrational  modes),  rig  and  engine  testing,  and  failure  analysis. 

The  Garrett  effort  of  the  1970*s  was  a  strong  interdisciplinary  team  effort  with  close 
cooperation  of  Norton  Company.  Effort  in  the  1980*s  shifted  to  a  cooperative  program  on 
an  automotive  gas  turbine  with  Ford  Motor  Company  (AGT  Program  funded  by  DOE). 
Sintered  SBN4  and  SIC  were  now  available,  so  that  effort  shifted  away  from  hot  pressed  and 
reaction  bonded  Si3N4.  Primary  fabrication  efforts  were  conducted  at  AiResearch  casting 
Company  and  Carborundum  and  later  with  NGK  Insulators  and  Kyocera. 

The  AGT  program  stimulated  major  improvements  in  fabrication  and  properties  of 
Si3N4  and  SiC  and  resulted  in  successful  engine  operation.  However,  extensive  development 
and  testing  are  required  to  achieve  a  cost-affordable,  high  reliability  engine.  A  follow-on 
program  (ATTAP  Program)  is  presently  in  progress  to  address  these  and  other  issues.  A 
major  objective  of  the  ATTAP  Program  is  to  establish  commercial  sources  of  ceramic  engine 
components  in  the  U.S.  Norton  Company,  Garrett  Ceramic  Components  (outgrowth  of 
AiResearch  Casting)  and  GTE  are  ail  active  in  Si3N4  development  for  the  ATTAP 
programs.  Effort  is  focused  on  pressureless  sintered  and  HEP  Si3N4. 

Conclusions 

Major  advances  have  occurred  in  the  U.S.  and  Japan  in  Si3N4  technology.  However,  in 
spite  of  technical  feasibility  demonstration,  Si3N4  has  not  yet  reached  application  in  a 
production  gas  turbine  engine.  Si3N4  has  been  spun  off  in  other  applications,  though. 
Examples  include  cutting  tools  (Lucas  in  England;  Iscar,  GET  Valeron,  Kennametal,  Nonon 
and  Industrial  Ceramic  Technology  in  the  U.S.),  bearings  (Cerbec,  joint  venture  of  Norton 
and  Toirington,  Kyocera;  NTK),  glow  plugs,  Kyocera,  NGK  Spark  Plug,  swirl  chambers 
(Kyocera,  NGK  Spark  Plug),  rocker  arm  wear  pads  (NGK  locators)  and  turbocharger 
rotors  (NGK  spark  plug),  and  wear  parts  (GTE  WESGO,  Norton).  In  addition,  Norton  and 
TRW  have  formed  a  joint  venture  to  develop  and  market  Si3N4  for  heat  engines,  and  GET 
and  Eaton  have  announced  a  similar  collaboration. 


There  remained  a  key  problem  of  forming  complex  shapes  to  high  density  which  would 
give  rise  to  high  toughness,  high  strength  and  good  thermal  shock  resistance.  Darker  and 
others  at  ASEA  (See  Table  1)  developed  a  method  of  encapsulating  unfired  shapes  in 
impermeable  glass  for  hot  isostatic  pressing  at  high  temperature.  In  1976,  M.  Mitomo  of 
NQUM  reported  on  sintering  at  high  temperatures  under  an  atmosphere  of  nitrogen  gas  to 
prevent  decomposition;  Priest  et  al  developed  the  same  process  independently  at  AMMRC 
at  about  the  same  time.  In  the  two  step  gas  pressure  sintering  process,  most  porosity  and  all 
open  porosity  are  eliminated  in  the  first  step,  mairing  the  surface  gas  tight;  then  the  gas 


186 


pressure  is  raised  to  carry  out  hot  isostatic  pressing  without  the  necessity  of  encapsulation. 
These  processes  led  to  the  feasibility  of  silicon  nitride  bearings  that  could  run  under 
lubrication  starvation,  would  have  a  long  rolling*contact  fatigue  life.  Norton  Company  in  the 
United  States  demonstrated  this  in  the  early  1970’s  and  by  1980  Kyocera  Corporation  and 
NGK  Spark  Plugs  in  Japan  were  offering  these  as  commercial  products.  Norton  Company 
had  joined  with  Torrington  Company  in  a  joint  venture,  Cerbec,  which  produced  these 
bearings  commercially  in  the  United  States  beginning  in  the  late  1980’s.  Achieving  high 
quality  reliable  silicon  nitride  parts  requires  the  availability  of  high  purity  uniform  powders. 
A  number  of  processes  had  been  developed  including  the  imide  preparation  and 
decomposition  process  of  Ube  Industrials  Ltd.  in  Japan.  Several  companies  in  Japan,  but 
no  one  in  the  United  States  is  producing  silicon  nitride  powder.  Also,  the  use  of  silicon 
nitride  for  devise  applications  required  the  development  of  silicon  nitride/metal  joining 
technology  achieved  by  NGK  Spark  Plug  Company,  Ltd.  and  others. 

Beginning  with  the  joint  development  of  diesel  engine  glow  plugs  by  Kyocera  and  Isuzu 
in  1981,  a  ntimber  of  automotive  components  are  now  in  commercial  production.  Die'^'^l  hot 
plugs  were  introduced  by  Isuzu  in  1982  and  Toyoto  in  1984.  Diesel  swirl  chambers  were 
introduced  by  Mazda  in  1986.  Silicon  nitride  rocker  arm  wear  pads  were  introduced  by 
Mitsubishi  in  1984.  The  most  complex  part,  the  turbocharger  rotor  was  developed  by  Nissan 
and  NGK  Spark  Plug  Company  and  introduced  in  1985.  Ail  of  these  components  are  now 
being  commercially  produced  in  Japan  by  Kyocera  and  by  NGK  Spark  Plug  Company. 

During  this  period  Dr.  Kazuo  Kobayashi  was  director  of  the  Mll'l  Regional  Laboratory 
in  Kyushu.  He  has  prepared  some  comments  on  silicon  nitride  innovations  and  the 
influences  of  culture: 


SILICON  NITRIDE  STRUCTURAL  CERAMIC  INNOVATIONS  AND  THE  INFLUENCE 
OF  CULTURE 


BCazuo  Kobayashi,  Nagasaki  University 


InaxMlnctioii 

In  Japan  a  "fever”  of  interest  in  structural  ceramics  developed  during  the  middle  1970’s. 
Many  companies  and  government  research  institutes  started  R&D  on  silicon  nitride  and 
silicon  carbide  ceramics.  This  seems  to  have  been  motivated  strongly  by  R&D  achievements 
in  the  United  States.  The  5rst  national  project  in  Japan  in  which  high  temperature 
structural  ceramics  researches  were  incorporated  started  in  1978.  It  was  initiated  by  the 
Agency  of  Industrial  Science  and  Technology  (AIST),  Ministry  of  International  Trade  and 
Industry  (MITI)  but  lagged  behind  similar  projects  in  the  United  States  and  West  Germany. 

The  first  national  "High  Efficiency  Gas  Turbine  Project”  aimed  to  establish  a  combined 
gas  and  steam  turbine  with  an  output  power  of  100  MW.  However  ceramic  parts  developed 
in  this  project  were  unsatisfactory  because  of  poor  strength  and  poor  reliability  exhibited  in 
the  test  of  a  prototype  plant  in  1987.  At  present  three  national  projects:  "Fine  Ceramics" 
(198M992),  "Ceramic  Gas  Turbine"  (1988-1996)  and  "Automotive  CGT  (1988-1996)  are 
carrying  on  as  shown  in  Fig.  1.  There  are  close  relationships  between  private  seaors  and 
government  research  instimtes. 
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ffigh-efficiency  gas  turbine  (Moonlight  project) 
100  MW,  for  power  plant,  15  billion  Yen 


1988  1996 

4  ■  ■  ► 

Ceramic  gas  turbine  (Moonlight  project) 
300  kW,  3  types  for  industry  use 
16  billion  Yen 


1988  1990  1996 

4 - - - ^ 

Automotive  CGT  project 
100  kW  class,  15  billion  Yen 


1981  1992 

4 - - ^ 

Fine  ceramics  (basic  technology  for  future  industries) 

Sic,  Sis  strength,  corrosion  resistance,  wear  resistance 


Fig  1.  National  projects  on  high  temperature  ceramics 
in  Japan 
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Trend  of  the  Progress  of  R&D  on  high  Temperature  Stmctnral  Ceramics  and  Innovation 

Progress  seems  to  occur  in  stages  from  the  past  to  the  present  and  to  the  future.  In  each 
stage  several  technological  innovations  have  been  observed  which  had  an  influence  on  the 
rate  of  progress. 

1)  Stage  of  R&D  on  improvement  of  strength  (middle  of  1970’s) 

This  was  the  stage  of  competition  to  show  outstanding  strength  data  for  test  pieces.  In 
order  to  obtain  higher  strength  it  was  considered  important  to  fabricate  the  sample  with 
higher  density  and  it  was  also  known  that  the  use  of  ^e  submicron  powder  was  favorable 
to  obtain  dense  and  strong  specimens. 

Various  kinds  of  sintering  aids  such  as  MgO,  Y2O3,  AI2O3,  etc  were  examined  for 
sintering  of  silicon  nitride  and  silicon  carbide  and  some  of  them  were  foimd  to  be  effective 
for  den^cation.  As  the  hot-pressing  sintering  method  w'-as  easy  to  operate  to  obtain  dense 
samples,  that  method  became  popular  on  a  laboratory  scale  and  also  large  automatic 
apparatus  was  developed  for  Tna<L<  production. 'Considering  the  problems  of  cost  and 
complex  shape  for  production  of  hot-pressing,  pressureless  sintering  t<»chniques  were  also 
developed.  The  importance  of  powder  processing  and  microstructure  were  recognized. 

2)  Stage  of  R&D  on  improvement  of  high  temperature  strength  (Late  1970’s) 

Degradation  of  strength  was  observed  at  high  temperature  for  some  samples,  though 
they  showed  excellent  properties  at  room  temperature.  Some  sintering  aids  were  knowm  to 
have  an  adverse  effea  at  hi^  temperature.  The  properties  of  the  grain  boundary  phase  was 
known  to  be  important  and  grain  boundary  technology  was  developed.  On  this  point  of  view 
technology  to  Himinish  the  amount  of  grain  boundary  phase  was  examined.  Sialons  which 
are  solid  solutions  in  the  Si-Al-O-N  system  were  extensively  developed.  Technology  of 
crystallization  of  the  grain  boundary  phase  was  also  developed  for  improvement  of  strength. 
As  impurities  also  cause  degradation  of  high  temperature  strength,  processing  for  pure  and 
Sne  powder  wras  developed.  Gas  pressure  sintering  was  invented  and  HIP  technology  wras 
gradually  applied  for  production.  In  addition  to  strength,  reliability  (the  scattering  of  the 
data)  was  recognized  to  be  important  and  efforts  to  fabricate  homogeneous  fine  microstruc- 
tures  were  done  for  the  purpose  of  commercialization. 

3)  Stage  of  start  for  commercialization,  and  improvement  of  toughness  and  other  propenies 

(Early  to  middle  of  1980’s) 

Glow  plug  (1981)  swirl  chambez  (1984)  and  turbocharger  were  commercialized.  For 
commercialization  it  was  known  that  problems  of  lower  cost,  products  with  high  reliability 
and  processes  to  manufacture  parts  with  complex  shape  were  importanL  It  was  recognized 
that  improvement  of  toughness,  oxidation  and  corrosion  resistance  and  improvement  of 
resistance  to  exposure  in  a  long-time  severe  environment  were  also  iniponant  for  high 
temperature  heat  engine. 

4)  Stage  of  steady  progress  and  R&D  on  composites,  surface  modification,  gradient 
composites,  nano  composites,  etc  (Latter  half  of  1980’s  to  present).  The  fever  for  fire 
ceramics  has  settled  down  compared  with  previous  days.  There  is  recognition  that  it  is  not 
so  easy  to  commercialize  and  to  develop  a  market  in  high  temperature  ceramic  materials. 
While  some  companies  have  cut  down  or  given  up  their  R&D  projects,  companies  with  a 
steady  strategy  are  making  continuous  advances.  A  charaaeristic  feature  of  this  stage  is  that 
cooperation  among  different  industrial  fields  and  cooperation  among  industry,  government 
and  university  have  become  more  active. 

Fig.  2^  shows  the  change  of  the  production  value  of  fine  ceramic  parts  since  1982.  The 
total  value  is  gradually  increasing  year  by  year  and  it  is  predicted  to  be  1176  billion  Yen  in 


Production,  billion  Yen 


r~~lM<cnonicoi 


(Estimotel  (Prediction) 


Fig.  4  rteids  expected  in  near  future  by  users  (March 
1989  -  M/T7) 
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1989.  Electromagnetic  ceramics  occupy  a  70%  share,  but  the  growth  rate  of  structural 
ceramics  is  relatively  higher  than  others.  Fig  3^  shows  an  estimation  of  the  market  size  of 
the  fine  ceramic  industry  in  the  year  2000,  Total  production  is  estimated  at  about  6000 
billion  Yen  in  2000  from  about  1200  billion  Yen  in  1989.  Growth  of  the  market  for  optical 
and  super  conductor  ceramics  are  expected  to  be  comparatively  great  in  the  future.  The 
value  of  merhanifstl  and  high  temperature  ceramics  are  estimated  to  be  still  about  10%  of 
the  total  However,  as  many  users  want  mechanical  and  thermal  applications,  as  shown  in 
Fig.  4^,  it  is  thought  that  high  temperature  structural  ceramic  markets  will  become  greats' 
in  the  21st  century. 

As  for  R<S:D  on  high  temperature  ceramics,  one  direction  is  a  move  from  homogeneous 
fine  microstructure  to  heterogeneous  fine  microstructure  in  monolithic  ceramics.  Grain 
growth  of  whisker  or  fiber-lilM  crystals  in  a  fine  matrix  improves  toughness.  Another 
approach  is  whisker  or  fiber  reinforced  ceramic  composites.  Those  composites  are  expected 
to  be  a  big  innovation  in  the  near  future.  Powder/powder  composites  with  different  ceramic 
phases  still  have  many  unexplored  fields.  Surface  modification  techniques,  researchers  on 
nano  composites  with  atomic  molecular  level  control  and  gradient  composites  have  also 
started-  These  new  approaches  are  expected  to  have  a  big  influence  on  future  ceramic 
technological  innovafion- 

With  the  progress  of  advanced  technology,  boundaries  between  fields  are  weakening  and 
interdisciplinary  researches  become  much  more  importann  In  the  structural  ceramic  field 
we  should  consider  not  only  structural  properties  but  also  incorporating  other  functional 
properties  for  developing  intelligent  ceramics  with  multi-functions.  In  this  sense  it  is  worthy 
to  consider  what  we  can  learn  from  the  mechanisms  of  living  bodies  for  future  ceramic 
technology. 

3.  Culture  and  technology  in  R&D  on  structural  ceramics 

Some  (Merences  of  culture  are  observed  between  Japan  and  the  U.S.  affecting  scientific 
and  technological  process.  T.  Motokawa^  describes  the  differences  between  east  and  west  • 
in  his  paper  "Sushi  Science  and  Hamburger  Science."  Some  of  these  considerations  are 
described  here. 

1)  Different  ways  of  thinking  about  the  scientific  process. 

Fig.  5  shows  different  ways  of  thinking  about  the  scientific  process(between  Japan  and 
the  West.  Generally  in  Japan  researchers  consider  that  the  experimental  result  is  primary, 
though  they  also  investigate  theory  and  previous  data.  Particularly,  ceramic  science  has  not 
yet  establi^ed  mature  laws  and  still  has  many  unexplored  fiel^.  Previous  theories  may 
change  and  new  ideas  appear  through  experiment.  Therefore,  experimental  facts  are  most 
important  and  learning  theory  is  done  through  doing  experiment.  Interpretation  comes  after 
experimenL  For  this  approach  researchers  need  practical  and  precise  observations  and 
skillful  experiments.  Scientists  and  technicians  work  together  as  one  body.  New  phenomena 
are  often  discovered  by  precise  observation  and  new  creative  ideas  with  know-how  comes 
as  a  result  of  this  way  of  thinking. 

On  the  other  hand,  western  researchers  seem  to  think  more  important  interpretation 
and  hypothesis  aspects  of  research.  If  the  hypothesis  is  proved,  honor  comes  to  the 
researcher’s  achievemenL  The  theoretical  approach  is  considered  the  most  effective  way  to 
develop  new  ideas.  By  this  way  of  thinking,  new  creative  ideas  come  with  theory. 
Technological  innovation  occurs  in  both  of  these  different  ways,  but  are  a  little  different: 
one  is  with  know-how  and  the  other  is  with  theory. 

2)  Different  ways  of  R&D  practice 

Fig.  6  shows  different  ways  of  R&D  practices  between  Japan  and  the  West.  In  Japan 
there  is  a  dose  relationship  and  almost  no  gap  between  researcher  and  technidan,  between 
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Japan  West 


Fig.  5  Differcot  ways  of  thtnlritig  about  sdenrific  process. 


scientist  and  laborer.  There  is  not  so  big  a  difference  in  salary  between  them,  as  the  salary 
is  usually  decided  by  age  and  working  period.  Joint  work  of  researcher  and  technician  is 
often  carried  out  together  from  planning  through  experimental  works.  Technicians  frequently 
join  pianoing  discussions  and  they  understand  the  essential  experimental  purpose.  EfGciency 
of  t^  way  of  work  is  not  so  good.  However,  there  are  many  possibilities  to  find  new 
phenomena  in  the  course  of  experiments.  Technicians  and  laborers  do  willingly  the  work  for 
improvement  of  technology  arid  product  quality. 

In  western  countries  there  seems  to  be  a  gap  between  researchers  and  technicians;  they 
seem  to  work  separately.  The  researcher  makes  a  plan  on  his  desk  and  the  technician  or 
laborer  does  the  work  according  to  the  researcher's  directions.  The  researcher  learns  of  a 
result  after  the  experiment  and  the  technician  has  no  concern  about  it  Efficiency  of  this 
method  of  working  is  better  than  the  Japanese  method,  but  there  are  fewer  possibilities  to 
find  unexpected  new  phenomena. 

3)  Differences  in  the  sense  of  values  in  research  organizations. 

Fig.  7  shows  differences  in  the  sense  of  value  between  Japan  and  Western  organizations. 
In  Japan  most  private  companies  and  government  organizations  adopt  life-time  employment 
and  promotion  is  done  mostly  by  seniority.  They  think  that  achievement  is  done  by  a  group 


Japan 


West 
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Hg.  6  DifFcRot  ways  of  R&D  practice. 


effort  and  that  success  by  any  person  is  only  achieved  by  the  help  of  his  associates.  It  is 
thought  to  be  a  cooperative  result  Honor  for  achievement  is  usually  given  to  the  company, 
group  or  group  head.  The  company  is  like  a  family,  so  the  company  must  take  care  of 
employees.  People  thinic  that  company  and  leaders  must  always  think  about  their  welfare. 
Therefore,  employees  work  hard.  In  addition,  there  is  a  mind  of  Confucianism  or  mind  of 
Do  (such  as  in  Ken-Do,  Ju-Do,  etc)  in  which  people  aim  to  approach  a  condition  of  perfect 
personality,  to  obtain  other  people’s  admiration  and  to  be  in  a  state  of  harmony.  These  ideas 
affect  people’s  sense  of  values. 

In  western  countries  employment  is  usually  done  by  contract  and  promotion  is  done  in 
accordance  with  a  person’s  ability  and  accomplishments.  Individuality  is  important  and  there 
is  a  recognized  difference  among  individuals.  When  an  achievement  is  m^e,  honor  comes 
to  the  individuaL  Therefore  they  work  hard.  Both  Japanese  and  Western  results  of  "working 
hard"  are  the  same,  but  the  process  leading  to  that  result  is  different  A  distribution  of  the 
number  of  the  people  working  hard  is  narrow  and  sharp  in  Japan,  while  in  western 
countries,  it  is  wide  and  broad.  In  western  countries  the  number  of  researchers  working 
extremely  hard  may  be  larger  than  in  Japan. 


West 
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Japan 
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Hg.  7  Differences  in  the  sense  of  values  in  the  organization. 


1)  Report  of  the  Fine  Ceramics  Basic  Problems  CcwibqI,  MTIT,  (1989). 

2)  K.  Kobayashi,  Mataials  <ft  Design,  VoL  11,  No.  2.  April  (1990). 

3)  T.  Mocokawa,  Perspectives  in  Bioiogy  and  MetBdne,  32,  4  Summer  (1989). 


194 


Dr.  Kobayashi  elaborates  on  the  "Fever"  for  ceramics  in  Japan: 


"FEVER"  FOR  STRUCTURAL  CERAMICS  IN  JAPAN 


Kazuo  Kobayashi  Nagasaki  University 


Fever  for  stmctnral  ceramic  indnstry 

In  Japan  "fever"  for  structural  ceramics  occurred  in  the  middle  of  the  1970’s.  While  the 
electroceramic  industry  has  about  40  years  history,  large  scale  R&D  on  structural  ceramics 
staned  after  the  first  oil  crisis  and  it  was  triggered  by  researchers  in  the  United  States  and 
European  countries.  Therefore  its  history  is  very  short,  10-15  years.  However,  after  the 
middle  of  the  1970’s  structural  ceramics  were  strongly  anticipated  to  become  a  main  new 
industry  along  with  electronics  and  bioindustries.  News  media  propagated  the  idea  ±at  this 
new  technological  field  would  have  a  brilliant  fiiture  and  many  private  companies  entered 
the  field  and  started  R&D  on  structural  fine  ceramics. 

As  a  background  of  the  fever,  first  there  is  a  big  influence  of  Japanese  government 
policy  along  with  the  understanding  and  consensus  of  Japanese  people.  That  is,  the  Japanese 
government  made  a  policy  to  strengthen  science  and  technology  and  most  Japanese  believe 
that  science  and  tedmology,  particuiarly  advanced  technology,  should  be  promoted  as  an 
important  strategy  for  present  and  future  growth  of  Japan.  We,  most  Japanese,  believe  that 
fine  ceramic  technology  is  precisely  one  of  the  suitable  fields  we  should  promote.  Second, 
as  Japan  is  a  unitary  nation,  the  understandings  and  consensus  have  spread  widely 
throughout  the  public  Even  common  housewives  and  children  have  learned  the  words  "Fine 
Ceramics”  and  have  gotten  interested  in  fine  ceramics.  When  a  fair  of  fine  ceramics  opened, 
visitors  with  family  were  often  seen  at  the  fair  as  well  as  professionals.  Third,  MiTl  staned 
many  projects  to  promote  structural  ceramic  industry  and  many  private  companies  wanted 
to  be  part  of  the  trend. 

Table  1  shows  motivations  of  decision  for  private  companies  as  to  why  they  have 


Table  1.  Motivations  for  entering  structural  ceramic  field;  (from  168  private  companies  in 
Mm  survey,  1989). 


1)  To  deal  with  a  slump  of  existing  materials  and  products .  18% 

2)  To  improve  performance  of  existing  materials  and  products  .  27% 

3)  To  keep  an  R&D  potential  for  competitive  companies .  7% 

4)  Need  to  use  new  materials  within  the  company .  9% 

5)  By  request  of  users  .  10% 

6)  Ejq)ectation  for  high  profits  .  26 

7)  Others .  3% 
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entered  the  structural  ceramic  field.  This  data  shows  that  many  companies  aim  to  be  high 
technological  industry  and  to  gain  high  profit.  Table  2  shows  the  time  when  the  company 


Table  2.  Time  that  companies  entered  structural  ceramic  field  (From  168  private  companies 
in  Ml  l'l  survey,  1989). 


lime  Number  of  Companies 

1)  Before  1975  36 

2)  1975-1980  14 

3)  1981-1985  30 

4)  1986-1988  10 

5)  Since  1989  11 


entered  the  structural  ceramic  field.  From  this  data  it  is  known  that  about  half  started  their 
activities  on  structural  ceramics  after  the  year  of  1975.  This  tendency  is  also  known  from  the 
number  of  patents  on  silicon  carbide,  silicon  nitride  and  zirconia  as  shown  in  Fig.  1.  Tne 
data  shows  that  the  fever  started  and  many  companies  supplied  manpower  and  assumed 
R&D  expenses  in  structural  ceramics  after  1975. 


Fig.  1.  Gunge  of  number  of  pauents  granted  with  relation  to  structural  ceramics  (The  number  in  1973  is  set  as 
100) 


The  users  also  have  eagerness  to  use  strucnirai  ceramics  and  this  prompted  the  fever. 
Table  3  shows  the  reasons  why  the  users  want  to  use  structural  ceramics.  From  the  data  it 
is  known  that  many  user  companies  want  to  apply  high  technology  by  adapting  fine 
structural  ceramic  Table  4  shows  the  technologic^  areas  and  number  of  items  of  fine 
ceramic  parts  used  at  present  and  those  to  be  used  in  the  future.  About  75%  of  the  total 
area  is  occupied  by  mechanical  and  thermal  structural  parts. 
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Table  3.  The  reasons  given  by  users  as  to  why  they  want  to  use  structural  ceramics 

The  Reason  Number  of  answers 


1)  For  the  purpose  of  energy  saving  in  production  process  .  15 

2)  For  the  purpose  of  improvement  in  reliability  of  products  and  processing . 48 

3)  For  the  purpose  of  improvement  of  life  of  products  and  process . 86 

4)  To  make  products  and  process  of  lighter  weight  and  smaller  scale  . 37 

5)  To  improve  performance  of  manufacturing  process . 77 

6)  To  reduce  cost  of  manufacture  of  product  . 23 

7)  To  improve  on  image  of  product  . 20 

8)  No  other  material  except  fine  ceramics  able  to  satisfy  a  required  property  . 43 


Table  4.  Technological  area  and  the  number  of  fine  ceramic  items  which  are  used  at 
present  and  those  to  be  used  in  near  future 


Field 

Electro  and  magnetic  parts 
Mechanical  parts 
Thermal  parts 
Optical  parts 

Chemical  and  medical  parts 
Others 

Total 


Number  of  items 


items  used 
at  oresent 

Items  to  be  used 
in  near  future 

56 

16 

(22.4%) 

(12.9%-) 

109 

50 

(43.6%) 

(402%) 

58 

43 

(232%) 

(34.6%) 

4 

3 

(1.6%) 

(2.4%) 

16 

11 

(6.4%) 

(8.9%) 

7 

1 

(2.8%) 

(0.8%) 

250 

124 

As  fine  ceramics  have  a  variety  of  applications,  not  only  the  traditional  ceramic  industry 
but  also  all  materiai>manufacturing  industries  such  as  steel,  non-metal,  chemical  engineering, 
textile,  and  the  users  industries  of  electronics,  machinery,  transportation  and  other  related 
industries  joined  into  this  field.  This  brought  severe  competition  among  them  and  products 
with  better  quality  came  to  be  produced. 
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Many  private  local  societies  on  fine  ceramics  have  started  since  the  middle  1970’s  with 
members  of  companies,  government  research  institutes  and  universities.  For  example, 
Kyushu  Fine  Ceramic  Technoforum  started  with  about  170  private  companies,  researchers 
of  government  institutes  and  some  professors  of  universities  in  the  Kyushu  area.  The  forum 
is  now  sponsoring  activities  such  as  seminars,  symposia,  exchange  of  information,  etc.  every 
year.  The  number  of  such  societies  or  groups  on  fine  ceramics  is  now  about  50  throughout 
Japan  from  Hokkaido  to  Kyushu.  The  activities  in  local  areas  have  given  good  stimulation 
to  local  industries,  particularly  to  small  and  medium  companies  in  local  areas.  Recently  a 
council  to  connect  those  local  societies  has  been  established  to  promote  their  activities  more 
efficiently. 

TTie  Japan  Fine  Ceramics  Center  Foundation  established  in  1985  has  given  support  to 
the  fever  and  the  activity  at  all  levels.  About  250  companies  are  members  of  the  center  and 
the  works  are  testing,  examinations,  standarization,  consultant,  collection  of  information, 
education,  international  exchange,  etc.  The  center  also  holds  a  fine  ceramic  fair  every  March 
in  Nagoya  and  the  fair  is  very  effective  for  business  negotiations,  exchange  of  information 
and  also  to  prevail  the  real  image  of  fine  ceramics  to  the  public. 

As  an  academic  society  The  Ceramic  Society  of  Japan  established  in  1927  has  a  long 
history  of  contribution  to  all  fields  of  ceramics.  The  members  of  the  society  are  7000 
individual  researchers.  The  society  publishes  academic  journals  and  holds  annual  meetings. 
Presentations  on  fine  ceramics  are  increasing  in  number  every  year  at  the  meetings. 

Japan  Fine  Ceramics  Association  was  also  established  in  1986.  Membership  is  limited 
to  private  companies  and  its  number  is  about  220.  The  works  of  the  association  are 
collection  and  supply  of  information,  survey  of  market,  training  courses  and  symposia, 
cooperation  with  related  domestic  and  overseas  group. 


NGK  Spark  Plug  Company  of  Nagoya  began  research  on  silicon  nitride  materials  in  the 
late  1960’s.  Dr.  Yo  Tajima  joined  the  company  in  1975  and  has  been  associated  with  that 
research  and  development  program  since  then.  He  reports; 


SILICON  NITRIDE  AUTOMOBILE  ENGINE  COMPONENTS 


Yo  Tajima,  NGK  Spark  Plug  Company,  Nagoya,  Japan 

As  has  been  discussed  in  this  meeting,  silicon  nitride  has  a  number  of  good  characteris¬ 
tics,  such  as  high  strength  and  high  toughness,  excellent  thermal  shock  resistance,  low  density 
and  good  wear  resistant.  This  makes  it  applicable  as  automobile  engine  components  as  well 
as  cutting  tools,  ball  bearings  and  it  remains  a  prime  candidate  material  for  ceramic  gas 
turbine  engines  which  are  off  in  the  future.  The  most  challenging  application  of  engine 
components  is  turbocharger  rotors  which  were  first  introduced  in  1985  in  the  Nissan  7  ''?rs 
in  Japan.  Turbochargers  are  now  produced  by  three  ceramic  manufacturers  and  one  auto 
manufacturer  in  Japan  and  are  commercially  used  by  three  auto  manufacturers.  The 
primarily  advantage  of  ceramics  for  turbochargers  is  the  low  density  of  silicon  nitride  as 
compared  to  metals  which  gives  a  better  response.  Because  of  the  low  density  the  moment 


of  inertia  is  small.  Other  engine  applications  are  rocker  arm  pads  which  provide 
maintenance-free  operations.  This  is  particularly  applicable  for  taxis  which  have  a  long  idling 
time;  during  idling  there  is  a  lower  oil  supply  and  poor  lubrication.  Silicon  nitride  provides 
substantial  performance  improvements.  A  third  application  is  glow  plugs  for  diesel  engines 
which  were  first  introduced  in  1981  by  Isuzu.  These  consists  of  a  tungsten  heating  element 
integral  with  a  silicon  nitride  container.  Turbocharger  rotors  grew  to  be  about  20  million 
U.S.  dollars  in  1988  and  are  perhaps  tripled  that  in  1991.  The  total  market  for  silicon  nitride 
automotive  components  is  perhaps  100  million  dollars. 

There  have  been  many  barriers  to  the  development  of  new  ceramic  components  for 
automotive  application.  Tliese  are  summarized  in  a  Delphi  Survey  of  Larson  and  Vyas 
shown  in  Table  1.  The  ceramic  materials  had  unproven  durability.  There  was  no  reliability 


TABLE  1.  BARRIERS  TO  UTILIZATION  OF  CERAMIC  COMPONENTS 


(INTRODUCTION) 

(PENETRATION) 

1.  UNPROVEN  DURABILITY 

2.  INADEQUATE  RELIABILITY  RECORD 

3.  INADEQAUTE  NDE  TECHNOLOGY 

4.  UNFAVORABLE  ECONOMICS 

5.  ENGINE  MANUFACTURERS’  RESISTANCE  TO  CHANGE 

6.  LOW  YIELD  PROCESSING  TECHNOLOGY 

7.  LACK  OF  DESIGN  DATA  BASE 

8.  INADEQUATE  COATING 


Source;  RJ*.  Larsen  and  D.  Vyas,  "The  Outlook  for  Ceramics  in  Heat  Engines  1990-2010:  Results  of  a 
Worldwide  Delphi  Survey,"  SAE  Paper  No.  880514  (1988) 


record,  inadequate  nondestructive  evaluation  and  particularly  unfavorable  economics.  In 
addition,  engine  manufacturers  were  generally  resistant  to  change.  There  was  not  very  much 
processing  technology,  an  inadequate  design  data  base  and  an  inadequate  quality  of  ceramic 
powders.  The  innovations  which  have  lead  to  the  utilization  of  these  materials  have  been 
discussed  already  and  they  consist  of  the  development  of  suitable  sintering  aids,  particular 
gas  pressure  sintering  techniques,  and  the  development  of  high  quality  powders,  joining  with 
metal  parts  and  shaping  methods  for  complex  parts.  Relative  to  interactions  with  national 
laboratories,  we  should  mention  that  Dr.  Yotomo  of  NIRIM  filed  a  patent  for  the  gas 
sintering  technique  and  NGK  Spark  Plug  obtained  development  funds  from  JLDC  for  the 
commercialization  of  gas  pressured  sintering  techniques.  We  were  successful  in  this 
manufacturing  effort  and  have  reimbursed  the  development  fund. 

A  number  of  automobile  manufacturers  and  ceramics  manufacturers  have  combined  to 
introduce  silicon  nitride  parts  as  shown  in  Table  2.  One  of  the  main  factors  affecting 
market  acceptance  of  silicon  nitride  parts  for  engine  components  are  the  customer 
requirements.  The  tax  system  in  Japan  is  higher  for  larger  engines  w'hich  gives  rise  to  the 
desirability  of  small  engines.  The  cost  of  diesel  fuel  is  lower  which  puts  a  premium  on  diesel 
engines.  The  roads  in  Japan  and  the  parking  conditions  also  put  a  premium  on  smaller  cars. 
As  a  result,  there  is  a  strong  demand  for  diesel  engines  with  high  performance. 

In  addition,  corporate  influences  are  important.  At  the  NGK  Spark  Plug  Company, 
silicon  nitride  and  sialons  research  started  in  the  1960’s  while  the  first  commercial  adaption 
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TABLE  2.  DEVELOP'.ISNT  TIME  OF  CERAMIC  PARTS 


PARTS 

PURPOSE 

CAR  maker 

ceramic  MAKER 

YEAR 

Response 

Nissan 

NGK  Spark  Plug 

1985 

Turtx)charger 

Power 

Nissan 

NGK  Insulator 

Isuzu 

Kyocera 

1987 

Toyoa 

Toyota 

1989 

Rocker  Am 

Maintenance  Free 

Mitubishi 

NGK  Insulator 

1984 

Nissan 

NGK  Spark  Plug 

1987 

Isuzu 

Kyocera 

1981 

Glow  Plug 

Quick  Stan 

Mitubishi 

Kyocera 

1983 

Gean  Eziuust  Gas 

Mazda 

Kvocera 

1985 

Nissan 

NGK  Spark  Plug 

1985 

Isuzu 

Kvocera 

1983 

Hot  Plug 

Gean  Exhaust  Gas 

Toyota 

Toyota 

1984 

Power 

Mazda 

.NGK  Insulator 

1986 

3  supercharger  parts  by  Nissan  did  not  occur  until  1985.  There  was  a  remarkable  patience 
f  top  management  and  continuing  support  of  the  concept  that  silicon  nitride  and  ceramic 
merials  would  be  important  to  the  ftiture  of  automobile  components  which  are  the 
rindple  business  of  NGK  Spark  Plug.  The  corporation  had  a  strong  desire  to  be  a  leading 
lanufacture  in  the  ceramic  engine  components  business  and  to. maintain  a  significant 
larket  share.  A  second  advantage  of  NCR’s  Spark  Plug  was  its  history  and  experience  as 
a  engine  component's  manufacture  with  engine  test  capability.  This  made  it  possible  to 
ork  effectively  in  cooperation  with  Nissan  in  the  development  of  automotive  parts.  A 
icond  necessary  component  is  the  engine  manufacturers'  willingness  to  adopt  ceramic 
imponents.  As  the  ultimate  user  of  these  materials,  they  were  the  final  decision  maker  and 
ere  willing  to  expend  time  and  effort  to  develop  a  proven  liability  and  anticipate  that  the 
)st  performance  ratio  would  come  to  be  justified.  The  engine  manufacturers  bad  to  work 
coordination  with  the  ceramic  manufacturer  in  a  close  relationship  and  spirit  of  trust  This 
teracdon  between  ceramic  manufacturer  and  auto  manufacturer  was  an  essential  element 
the  development  of  silicon  nitride  engine  components. 


At  the  conference  a  group  of  technologists  and  managers  who  had  dose  association  with 
[icon  nitride  developments  discussed  the  organizational  factors  which  seem  to  have  affeaed 
e  course  of  events.  They  conduded  that  the  frame  of  mind  of  the  organization,  the 
impetence  in  core  technologies,  personal  interactions,  facilities,  attimdes  toward  the  use 
technology,  timing  of  technological  developments,  the  commitment  to  continuing 
novation,  the  nature  of  collaborative  parmerships,  the  goals  and  milestones  that  were 
sveloped,  the  market  fit  of  manufacturing  and  customer  need,  the  history  of  previous 
ccesses,  images  and  perceptions  of  innovation  procedures,  and  legal  regulatory  issues  all 
d  a  strong  influence  on  the  course  of  events.  A  summary  of  these  discussions  follows: 


SijN4  -  STRUCTURAL  CERAMIC  INNOVATIONS 
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Richard  C.  Bradt,  University  of  Nevada,  Reno 


The  perspective  from  which  I  will  address  this  topic  is  that  of  a  university  faculty 
member  over  the  time  period  of  interest,  the  mid-1960’s  to  the  present.  During  that  time 
frame,  I  have  continually  conducted  research  on  structural  ceramics  with  both  American  and 
Japanese  graduate  students,  as  well  as  in  cooperation  with  facul^  colleagues  from  both 
countries.  I  spent  a  sabbatical  in  Japan  (1978)  and  have  visited  Japan  on  more  than  thirty 
occasions.  I  believe  that  I  have  good  to  excellent  familiarity  with  the  structural  ceramics 
programs  and  related  activities  in  both  the  US  and  Japan.  Perhaps  I  know  all  of  the 
participating  engineers  and  scientists  in  both  countries  on  a  first  name  and  last  name  basis, 
respectively.  For  the  purpose  of  this  presentation,  FU  adopt  the  definition  of  innovation  that 
has  been  advanced  by  Professor  Stephen  Kline  of  Stanford,  namely  that  the  innovation 
process  requires  three  feamres:  (i)  design,  (ii)  manufacturing  and  (iii)  extensive  use.  I’ll 
attempt  to  flavor  this  summary  with  my  own  personal  impressions,  influenced  by  my  more 
than  twenty  years  in  the  technical  field  and  my  fondness  for  sushi. 

The  silicon  nitride  influence  on  structural  ceramics  began  with  enthusiasm  in  the  early 
1960’s  in  Great  Britain  with  the  Lumby  and  Lucas  activities  creating  excitement  for  turbine 
blades,  but  achieving  applications  in  the  cutting  tool  field.  Today,  a  couple  of  decades  later, 
US  ceramic  manufacturers  are  making  some  automotive  valves,  some  bearings  and  quite  a 
few  cutting  tools,  while  Japanese  producers  are  in  the  midst  of  major  production  runs  of 
numerous  artifacts,  including  glow  plugs  and  rocker  arm  wear  pads  but  most  importantly  and 
impressively,  ceramic  turbocharger  rotors.  This  latter  item  is  particularly  significant  in  that 
it  is  the  first  truly  complex  shaped  structural  ceramic  product  that  has  achieved  Professor 
Kline’s  three  criteria.  Ceramic  turbocharger  rotor  production  in  Japan  is  now  estimated  to 
be  about  4000  per  month.  Relative  to  Professor  Kline’s  criteria,  the  Japanese  have  clearly 
innovated!  Has  the  US?  Hardly?  Why  this  difference?  I’ll  attempt  to  address  the  reasons 
as  I  perceive  them  to  have  evolved  over  the  last  two  decades. 

At  the  beginning  of  the  1970’s,  the  US  was  clearly  the  structural  ceramics  leader  in  the 
world  in  my  opinion.  The  seed  for  structural  ceramics  in  heat  engines  was  planted  in  the 
US  and  began  with  the  Ford/Westinghouse  ARPA  (DARPA)  programs.  These  were 
followed  by  the  AGT  efforts,  each  of  which  ground  to  a  virtual  halt  with  the  end  of  US 
government  funding.  These  programs  left  the  US  ceramic  community  and  automotive 
producers  with  what  can  be  best  characterized  as  a  mild  enthusiasm  for  structural  ceramics 
in  heat  engine-like  structural  applications.  To  be  sure,  significant  progress  was  made  in 
these  US  government  funded  programs,  but  they  did  not  succeed  in  the  fullest  sense  of 
innovation.  Products  were  not  being  manufaaured  and  used  by  consumers. 

In  Japan,  there  were  goverrunent  programs,  too,  most  notably  the  early  MU'l 
"Moonlight"  and  "Sunshine"  programs  which  paired  up  various  ceramic  producing  companies 
and  potential  user  concerns.  However,  once  the  government  funding  ran  out,  the  Japanese 
seemed  to  have  established  long  term  relationships,  not  only  between  the  companies,  but 
the  individual  scientists  as  well.  The  consequence  was  that  a  "ceramic  fever"  developed  in 
Japan  and  the  general  public  had  a  consensus  that  the  future  industrial  utilization  of 
structural  ceramics  would  bring  about  a  "Second  Stone  Age".  The  contrast  between  Japan 
and  the  US  was  practically  like  day  and  night. 

The  consequence  of  the  initial  period,  in  the  eyes  of  this  university  bystander,  was  that 
the  US  had  clearly  planted  the  initial  seeds  and  began  much  of  the  technical  effort; 
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however,  Japan  saw  the  potential  in  the  US  activities,  believed  in  the  concepts  and 
proceeded  forward.  The  US  industry  never  really  seemed  serious,  just  spending  government 
funds  but  not  following  through.  For  some  reason,  Japanese  industry  became  committed 
and  plarmed  long  term  programs  that  have  ultimately  proven  to  be  irmovative  and  successful. 

Let  me  next  address  each  of  Professor  Kline’s  three  criteria:  (i)  design,  (ii)  manufactur¬ 
ing  and  (iii)  use.  I’ll  attempt  to  separate  them,  but  will  apologize  in  advance  if  I  fail.  The 
design  criteria  can  be  divided  into  the  material  design,  its  chemistry,  microstrucmre  and 
processing  and  the  final  product  (object)  structural  design.  Each  relates  to  the  other  in  a 
complex  intertwined  fashion.  >\^ile  the  initial  Si3N4  structural  studies  originated  with 
Professor  Jack  in  England,  both  US  and  Japanese  scientists  quickly  picked  up  on  that 
research  and  rapidly  extended  it  in  nearly  parallel  advances.  These  types  of  technical  items 
are  readily  interchanged  at  numerous  international  meetings.  The  use  of  additives  to  Si3N4 
and  processing  fundamentals,  including  the  complex  phase  equilibria  rapidly  advanced.  In 
the  US,  in  the  1980’s,  there  was  a  strong  emphasis  on  the  fundamental  science  of  ceramic 
processing  which  clearly  established  the  US  as  the  world  leader  in  ceramic  processing  from 
a  basic  science  point  of  view.  On  the  other  hand,  the  ceramic  processing  activities  in  Japan 
were  more  manufacmring  technology  oriented  as  opposed  to  the  US  basic  processing 
science.  A  decade  later,  the  consequence  has  been  a  resounding  Japanese  success  in 
manufacturing  of  ceramics. 

As  structural  ceramics  are  brittle  materials,  they  could  not  be  successfully  applied  as 
one-for-one  substitutes  for  metals  in  actual  applications.  This  necessitated  the  evolution  of 
a  whole  new  brittle  materials  design  methodology.  It  required  the  cooperation  of  ceranuc 
scientists  and  mechanical  engineers  to  develop  new  design  concepts  and  numerous  iterations, 
as  the  methodology  advanced.  The  US  established  the  early  directions,  applying  concepts 
of  fracture  statistics  and  probabilistic  design.  NASA  with  an  in-house  program  at  Lewis- 
Cleveland  and  a  NASA  sponsored  program  at  the  University  of  Washington  (materials  and 
mechanical  engineers)  was  instrumental.  However,  these  programs  never  really  made 
significant  inroads  to  the  industrial  ceramics  laboratories  and  strucmral  ceramics  never  made 
a  big  impact  in  the  field.  It  was  in  many  ways  similar  to  the  basic  ceramic  processing 
science  in  that  the  US  actually  seemed  to  initiate  the  fundamental  effort,  but  somehow 
Japan  carried  through  with  the  concepts  to  the  final  technological  applications. 

Both  the  US  and  Japan  have  made  significant  advances  in  the  manufacturing 
(processing)  of  ceramics  in  the  past  several  decades.  However,  the  two  efforts  may  be 
contrasted  as  primarily  first  class  university  fundamental  research  (US)  versus  strong 
industrial  technology  applications  oriented  development  (Japan).  This  is  not  to  say  that  the 
US  is  without  its  industrial  successes,  for  certainly  the  catalytic  converter  supports  have  been 
a  huge  success,  but  like  spark  plugs,  they  are  not  a  true  structural  ceramic  •application. 
Japan  successfully  created  industrial  involvement  and  applied  the  technology  to  manufactur¬ 
ing  very  early  in  the  developmental  process.  While  anything  as  complex  as  a  turbocharger 
rotor  was  initially  out-of-the-question,  the  Japanese  ceramic  manufacturers  produced 
ceramic  fish-line  eyelets  for  fishing  rods  and  numerous  ceramic  scissors  (Who  doesn’t  have 
several?).  These  seemingly  mundane  objects  established  the  industrial  experience  base 
which  lead  to  the  development  of  the  ceramic  processing  of  high-tech  structural  ceramics. 
The  consequence  is  that  today  most  knowledgeable  ceramic  scientists  and  engineers  believe 
that  Japan  leads  the  technological  world  in  the  slip  casting  and  the  injection  molding  of 
ceramics,  the  two  manufacturing  processes  which  most  readily  lend  themselves  to  the 
production  of  complex  shapes  of  structural  ceramics  for  heat  engines  and  other  structural 
applications.  So  much  for  manufacturing! 

The  use  feature  is  the  last  of  Professor  Kline’s  criteria  for  irmovation.  There  is  certainly 
some  use  of  structural  ceramics  in  the  US  in  automotive  applications.  There  are  glow  plugs, 
bearings,  rockerarm  pads,  valves,  valve  seats,  etc.  However,  it  is  the  Japanese  who  are 
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producing  thousands  of  ceramic  turbochargers  per  month  in  the  NGK/Nissan  and 
KYOCERA/Isuzu  cooperative  efforts.  Ceramic  turbochargers  are  available  in  cars  in  Japan 
at  local  auto  dealers.  It  is  clear  that  the  Japanese  have  succeeded  and  closed  the  loop  on 
Professor  Kline’s  definition  of  innovation  for  structural  ceramics. 

Although  figures  are  not  publicly  available,  it  hardly  seems  possible  that  ceramic 
turbochargers  are  economical,  yet  the  Japanese  are  installing  them  and  have  them  available 
for  purchase  by  the  general  public.  Perhaps  the  only  current  advantage  over  metal 
turbochargers  is  one  of  weight,  as  they  achieve  maximum  RPM  faster  than  their  metallic 
counterparts.  Why  then  are  the  Japanese  so  committed  to  mrbochargers  of  structural 
ceramics?  It  seems  that  the  Japanese  must  envision  the  same  long  term  advantages  that  the 
US  and  everyone  else  does  for  ceramics.  However,  they  are  willing  to  make  the  investments 
to  improve  the  technology  and  they  appear  to  be  willing  to  accept  the  profits  later.  This  is 
in  contrast  to  a  US  attitude  that  we  won’t  use  it  unless  it’s  cheaper  or  better  (or  both)  and 
in  the  US  we  must  make  a  profit  now.  It’s  clear  which  stiategy  has  proven  to  be  the  best 
for  structural  ceramics  over  the  past  two  decades. 

In  summary,  perhaps  it’s  appropriate  to  highlight  those  features  which  I  believe  have 
allowed  the  Japanese  to  successfully  innovate  in  structural  ceramics  over  the  past  two 
decades.  Both  US  and  Japan  had  early  government  funding  and  involvement.  In  the  US, 
it  practically  stopped  when  the  government  funding  stopped,  but  somehow  in  Japan,  a 
synergism  developed  and  the  industrial  associations  which  were  initiated  by  the  government 
continued  and  prospered.  Was  it  simply  financial?  Somehow,  I  doubt  it!  In  terms  of 
Professor  Kline’s  three  criteria  for  innovation,  the  teamwork  cooperative  approach  to  design 
has  been  critical  to  the  NGK/Nissan  and  the  KYOCERA/Isuzu  mrbocharger  successes. 
Materials  design  and  product  design  are  intimately  connected.  Somehow  the  Japanese 
government  (MITI)  made  the  industrial  connections  and  made  them  work.  The  manufactur¬ 
ing  difference  between  the  US  and  Japan  has  been  clearly  a  fundamental  basic  science  of 
processing  approach  versus  an  industrial  technology  applications  one.  Many  industries  are 
able  to  prosper  without  a  truly  fundamental  scientific  understanding  of  all  of  the  principles, 
the  disciplined  Japanese  approach  to  the  technology  of  manufacturing  has  certainly  been 
adequate  in  this  instance.  Of  course  it  probably  didn’t  hinder  the  Japanese  progress  that 
the  US  was  simultaneously  and  vigorously  pursuing  a  basic  science  of  ceramic  processing 
theme,  the  results  of  which  were  available  to  all  who  attended  the  international  meetings 
and  read  the  scientific  journals.  As  for  actual  uses  of  structural  ceramics,  the  Japanese  had 
a  longer  term  viewpoint,  but  did  not  completely  abandon  immediate,  more  simple 
applications  such  as  the  ceramic  scissors,  etc.  These  intermediate  term  applications 
probably  had  critical  effects  on  the  development  of  high  yield  manufacmring  capabilities; 
the  full  extent  and  benefits  of  which  are  unknown.  However,  there  is  no  doubt  in  my  mind 
that  the  longer  term  approach  will  ultimately  lead  to  an  improved,  higher  level  of 
technology.  Not  only  will  that  technology  prove  innovative  in  terms  of  the  products  that  are 
originally  envisioned,  but  it  will  lead  to  a  captive  situation  lor  successive  generations  of  new 
products.  The  future  tragedy  is  that  one  cannot  just  jump  on  the  structural  ceramics 
bandwagon  to  produce  these  successive  generations  of  new  products,  for  it  requires  the  long 
term  investment  of  resources  to  be  competitive.  In  my  opinion,  few,  if  any  in  the  US,  have 
been  willing  to  make  that  long  term  investment  to  achieve  innovation  and  the  current  state 
of  structural  ceramics  is  one  result. 
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FACTORS  AFFECTING  SIUCON  NITRIDE  INNOVATIONS 


David  Richerson,  Ceramatec  Corporation 


The  objective  of  this  section  is  to  use  the  silicon  nitride  development  history  to  compare 
the  cultural  and  structural  factors  influencing  invention  and  innovation  in  the  U.S.  and 
Japan.  For  the  purposes  of  this  discussion,  innovation  is  equated  to  a  goal  to  achieve  a 
saleable  product  Based  on  this  definition,  three  conditions  must  coincide  to  achieve 
innovation:  (1)  a  customer  need,  (2)  technology  maturity  adequate  to  meet  the  customer 
need,  and  (3)  a  business  decision  to  commit  the  required  resources  to  achieve  the 
development  and  production  implementation.  The  following  paragraphs  address  these 
conditions  based  on  the  factors  listed  in  Table  1. 

Frame-of'Mind  of  the  Organization 

The  frame-of-mind  of  the  organization  determines  strategic  planning  and  thus  has  a 
major  influence  on  achieving  innovation.  The  effect  is  moderate  regarding  invention. 
Invention  can  occur  on  an  individual  basis  and  does  not  necessarily  reqtiire  a  strong 
commitment  of  the  organization.  However,  a  strong  commitment  from  the  organization  can 
provide  ±e  resources  to  accelerate  R<SdD  and  e^ance  the  likelihood  of  invention  and 
innovation.  Companies  and  government  organizations  have  demonstrated  a  favorable 
frame-of-mind  in  both  the  U.S.  and  Japan  regarding  development  of  Si3N4  technology. 

Table  1 

Some  Factors  Influencing  Invention  and  Innovation 

*  Frame-of-mind  of  organization 

*  Core  technologies/competencies 

*  Persoimel  interactions 

*  Facilities 

”  Attimde  towards  use  of  technology;  Comfort  zone 

*  Timing 

*  Commitment 

*  Continuity/duration 

*  Collaboration/partnerships 

■  Goals  and  milestones 

*  Market  fit/innovation  window 

*  Prior  successes  or  failures 

■  Image 

*  Legal/regulatory  issues 


Core  Tedinoiogjes/Competencies 

An  existing  technology  base  can  provide  the  right  environment  for  recognizing  the 
potential  for  invention  or  innovation.  The  broader  the  technology  base,  the  easier  that  a 
critical  team  can  be  assembled  to  address  system  requirements  and  achieve  innovation. 
Norton  Company  progressed  rapidly  in  Si3N4  technology  in  the  early  1970’s  because  they  had 
all  the  key  core  technologies  (and  equipment)  in  place  relevant  to  reaction  bonding,  hot 
presang,  powder  synthesis,  diamond  grinding,  and  property  characterization. 
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Personnel  Interactions 

Invention  occur  with  an  individual  working  independently.  Innovation  typically 
requires  interdisciplinary  input  and  a  close  interaction  between  individuals  and  often 
organizations.  The  Japanese  society  has  a  strong  tradition  of  team  effon  both  within  an 
organization  and  between  partner  organizations.  Efforts  are  cooperative  and  non¬ 
competitive.  An  example  is  the  cooperation  of  NGK  Spark  Plug  and  Nissan  to  develop  and 
commercialize  turbochargers  containing  a  Si3N4  rotor.  Cooperative  efforts  do  occur  in  the 
U.S.  also,  but  there  tends  to  be  more  competition  and  emphasis  on  individual  contribution. 

Facilities 

Invention  can  usually  be  accomplished  with  relatively  modest  equipment  and  facilities. 
Ixmovation  generally  requires  substantial  facilities  and  equipment,  especially  if  large  scale 
production  is  involved.  Experience  in  the  U.S.  with  Si3N4  in  the  1970’s  was  to  use  or  modify 
existing  equipment,  even  if  results  indicated  that  development  of  a  new  piece  of  equipment 
would  be  benefidaL  No  government  support  was  available  to  conduct  process  equipment 
development.  Also,  since  Si3N4  development  was  directed  towards  heat  engines  and  was 
considered  high  risk,  industry  was  reluctant  to  make  substantial  equipment  investments. 

The  philosophy  in  Japan  was  different  High  priority  was  placed  on  developing  and 
implementing  improved  processing  equipment.  For  example,  as  soon  as  NGK  Spark  Plug 
individuals  heard  about  the  overpressure  sintering  studies  at  NTRIM  in  Japan  and  at 
AMMRC  and  GE  in  the  U.S.,  they  applied  for  and  received  funds  from  Mi  l  l  to  work  with 
a  Japanese  furnace  mantifacturer  to  build  an  overpressure  sintering  furnace.  As  a  result  of 
this  funding,  they  had  a  working  furnace  earlier  than  U.S.  Si3N4  manufacturers  and 
accelerated  achieving  commercial  sintering  capability.  This  is  only  one  example.  In  general, 
Japanese  companies  were  much  more  aggressive  than  U.S.  companies  in  developing  and 
procuring  advMced  processing  equipment  such  as  injection  molders,  sintering  furnaces  and 
HIP  furnaces  suitable  for  advanced  Si3N4. 

Attitude  Towards  Use  of  Technology;  Comfort  Zone 

Examples  during  Si3N4  development  indicated  a  strong  difference  in  philosophy  between 
U.S.  and  Japanese  companies  in  the  use  of  technology.  U.S.  companies  appeared  to  have 
a  preference  to  develop  technology  internally  and  only  consider  externally-developed 
tet^ology  if  it  St  into  a  narrow  comfort  zone.  For  example,  Norton  was  comfortable  with 
hot  pressing  and  licensed  the  Lucas  Si3N4  hot  pressing  technology  and  much  later  the  ASEA 
hot  isostatic  pressing  technology.  However,  Norton  did  not  license  the  Lucas  pressureless 
sintered  Sialon  technology.  Furthermore,  some  of  the  literature  indicates  no  signiScant 
effort  in  pressureless  sintering  at  Norton,  even  though  they  were  very  dose  geographically 
and  teghniraily  to  AMMRC  where  early  signiScant  sintering  advances  were  accomplished. 
"Not  invented  here"  and  "comfort  zone"  may  have  been  factors. 

The  philosophy  in  Japan  was  different  Japanese  individuals  systematically  searched  the 
literature  and  attended  international  meetings  looking  for  alternatives  with  potential  for 
commerdalization.  They  by  choice  expanded  their  comfort  zone  by  duplicating  reponed 
smdies  and  using  this  new  capability  as  a  baseline  for  expanded  efforts.  Japanese  companies 
were  encouraged  to  do  this  by  MITL  For  example.  Mm  provided  support  to  establish 
powder  synthesis  capabilities  at  Denka  and  Toshiba  and  sintered  RBSN  at  NGK  Spark  Plug. 

Timing 

Timing  is  extremely  important  in  achieving  innovation.  If  customer  need,  technology 
maturity,  and  a  business  decision  do  not  coindde,  ixmovation  of  a  marketable  produa  may 
not  occur.  A  good  example  is  ceramic  bearings.  Technology  feasibility  and  a  customer  need 
were  demonstrated  in  the  early  1970’s,  but  the  technology  was  not  mature  enough  to  allow 
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cost  effective  fabrication.  This  did  not  become  viable  until  the  1980’s  when  near-net-shape 
processing  became  mature  through  overpressure  sintering  and  HIP  techniques. 

Commitment/Continuity/Daration 

Commitment,  continuity,  and  duration  are  important  to  achieving  innovation.  This  is 
illustrated  in  Figure  1  above.  To  progress  from  an  idea  or  an  initial  invention  to  an 
established  protect  historically  (on  the  average)  has  taken  10-20  years.  The  commitment 
in  resources  is  reladvely  small  during  the  early  stages  of  development,  but  increases  rapidly 
as  product  development,  marketing  and  processing  scale-up  are  required.  Invention  can  be 
acMeved  with  a  short  term  commitment,  but  iimovation  requires  a  long  term  commitment 

A  number  of  factors  affect  commitment  and  continuity.  Key  factors  are  the  nature  of 
business  planning,  the  continuity  of  personnel  and  the  duration  of  the  funding  source 
(industrial  or  government).  In  the  U.S.,  concern  in  most  companies  is  the  near  term  return 
on  investment  and  having  a  favorable  bottom  line  at  the  end  of  each  year.  Planning  cycles 
are  generally  3-5  years.  Where  government  funds  are  involved,  the  financial  commitment 
is  even  shorter,  Le.,  generaUy  a  marimnm  of  three  years  with  incremental  funding  yearly. 
In  Japan,  government  programs  are  generally  5-10  years.  Industry  programs  also  appear  to 
be  longer  term  than  in  the  U.S. 

In  addition,  Japanese  companies  in  the  Si3N4  area  have  pursued  "soft  markets"  to  gain 
production  experience  and  "learn  by  doing."  A  soft  market  is  defined  as  one  that  either  (1) 
does  not  have  large  growth  potential,  (2)  will  run  at  a  loss  for  a  number  of  years,  but  may 
become  a  large  market,  or  (3)  based  on  current  technology,  does  not  have  prospects  for  high 
margin.  Examples  of  some  of  the  soft  markets  that  have  been  pursued  by  Japanese 
companies  for  Si3N4  have  included  knives,  sdssors,  rocker  arm  wear  pads  and  mrbocharger 
rotors. 

Another  factor  is  continuity  of  personneL  Continuity  of  personnel  can  affect  technical 
progress  as  well  as  continuity  of  .  business  decisions.  The  Japanese  approach  is  for  an 
individual  to  remain  at  a  company  throughout  his  career.  This  leads  to  long  term  technical 
and  business  contixniity  and  generally  to  no  interruption  in  the  commitment  to  achieve  an 
innovation.  The  tradition  in  the  U.S.  is  personnel  mobility.  Companies  continually  change 
at  the  management  level  Technical  personnel  move  from  company  to  company  and  to 
universities  or  government  laboratories.  Management  changes  can  interrupt  the  duration 
and  continuity  of  new  product  planning  and  implementation.  Technical  persoimel  changes 
can  either  delay  progress  or  accelerate  progress.  For  example,  when  the  principal 
investigator  for  8131^4  at  Norton  left,  planned  efforts  on  material  reliability  optimization, 
composite  microstructures,  and  HIP  were  delayed  or  not  pursued.  Ultimately,  Nonon  hired 
experienced  enginMrs  with  interdisciplinary  industrial  and  university  experience,  and  during 
the  1980’s  has  had  a  strong  effort  When  individuals  from  Ford  moved  to  Garrett  the 
Garrett  effort  was  immediately  accelerated.  Thus,  mobility  in  the  U.S.  has  had  short  term 
negative  and  positive  affects  on  advancement  of  Si3N4  technology,  but  the  long  range  affect 
on  innovation  and  market  penetration  is  not  yet  Imown. 


Collaboration/Paxtnersliips 

Invention  generally  re^ts  from  an  individual  or  small  team  effort  Innovation  generally 
requires  substantial  collaboration  of  an  interdisciplinary  team  or  of  a  manufacturer  and  an 
end  user.  Relationships  during  early  Si3N4  development  in  the  U.S.  were  primarily  vendor- 
customer  or  contractor-subcontractor  and  were  directed  towards  government-funded  engine 
demonstration  programs.  Many  of  the  Japanese  Si3N4  efforts  have  been  collaborations  or 
partnerships  directed  towards  a  commercial  product  Examples  are  Mitsubishi-NGK 
Insulators  for  the  Si3N4  rocker-arm  pad,  NGK  Spark  Plug-Nissan  for  the  Si3N4  turbocharger 
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rotor  and  Kyocera-Isuzu  for  a  prototype  diesel  engine.  Japanese  have  a  strong  philosophy 
of  networking  and  are  comfortable  with  partnerships.  Some  of  these  partnerships  are  an 
extension  of  personal  ties;  justification  for  collaboration  can  be  either  business  or  personal 
ties. 

Collaboration  has  increased  in  the  U.S.  within  the  past  five  years.  This  has  partially 
been  a  result  of  changes  in  antitrust  regulations  which  now  permit  greater  cooperation 
between  competitors. 

Goals  and  Milestones 

Japanese  government  and  industry  cooperam.  Both  have  a  primary  goal  of  commercial* 
ization  of  products  and  economic  development.  U.S.  industry  also  has  a  product  goal,  but 
the  government  gan  only  support  industry  if  the  product  is  in  selected  military,  energy  or 
medical  categories.  This  is  phanging  There  are  presently  government  initiatives  which  are 
attempting  to  establish  support  for  technologies  which  will  stimulate  or  accelerate 
commercializatiotL 
• 

Market  Fit/Innovation  Window 

Innovation  has  enhanced  potential  for  success  if  it  is  responding  to  a  market  pull.  This 
can  be  thought  of  as  an  innovation  window.  If  the  company  has  the  right  technology  needed 
for  the  technology  window,  then  there  is  a  market  fiL  Having  a  technology  window  and  a 
market  fit  significantly  reduces  the  risk  of  expending  resources  for  innovation. 

Early  applications  of  Si3N4  in  Japan  resulted  from  an  innovation  window  that  did  not 
exist  in  the  U.S.,  Le.,  spedfitally  the  light  duty  diesel  market  and  liquid  propane  fueled  taxis, 
llie  needs  of  the  Japanese  light  duty  diesel  market  stimulated  development  of  Si3N4  glow 
plugs  and  swirl  ch^bers,  which  became  the  earliest  commercial  Si3N4  heat  engine 
components.  The  liquid  propane  fueled  taxis  were  a  second  innovation  window.  These 
were  broadly  used  in  Japan,  but  not  in  the  U.S.  The  combination  of  the  fuel*buming 
characteristics  and  the  frequent  starts  and  stops  resulted  in  inadequate  lubrication  of  the 
rocker  arm  wear  pads.  Me^  pads  failed  rapidly.  Si3N4  provided  greatly  improved  wear  life 
and  was  the  only  ceramic  material  which  could  be  successfully  cast  into  the  metal  rocker 

Jii* 

Prior  Success  or  Failure 

Innovation  requires  a  business  decision  and  commitment  Such  a  decision  and 
commitment  is  affected  by  prior  ejqjeriences.  An  example  is  cutting  tools.  NTK  (NGK 
Spark  Plug)  is  a  major  manufacture  of  Al^Os'TiC  and  other  cutting  tools.  Once  sialon 
cutting  tools  had  been  successfully  demonstrated  in  England,  it  was  a  logical  and 
comfortable  decision  for  NTK  to  explore  Si3N4  materials  for  cutting  tools.  In  contrast, 
Norton  Company  had  all  the  capabilities  and  capacity  to  pursue  Si3N4  cutting  tools  as  early 
as  1973,  but  chose  not  to  until  many  years  later.  Perhaps  their  decision  was  based  on  prior 
experiences  with  cutting  tools.  Norton  had  led  early  developments  in  hot  pressed  AI2O3 
cutting  tools,  but  had  withdrawn  from  the  market  because  of  the  inherent  marginal 
performance  of  AI2O3  and  the  lack  of  the  necessary  cutting  tool  distribution  network  within 
Norton.  Thus,  the  prior  negative  e:q)erience  of  Norton  with  cutting  tools  resulted  in  the 
decision  not  to  pursue  Si3N4  in  the  mid  1970’s,  whereas  the  prior  positive  experience  at  NTK 
resulted  in  the  decision  to  pursue  Si3N4  cutting  tools. 

Image 

Because  of  the  dose,  lifelong  bond  between  an  employee  and  company  in  Japan,  image 
of  the  conqmny  is  very  important  to  each  employee.  As  a  result,  each  employee  has  a 
strong  vest^  interest  in  helping  the  company  to  be  successful  and  in  projecting  a  good 
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image.  Company  image  is  less  important  to  U.S.  workers.  Priority  is  more  on  tbe  image 
of  the  individual,  Le^  the  motivation  is  for  individual  advancement  rather  than  company 
image. 

The  issue  of  image  affects  business  decisions  in  Japan.  For  example,  it  is  good  for  the 
image  of  a  company  to  participate  in  a  Mi  l  l  program.  Therefore,  companies  will  strive  for 
participation  even  if  it  involves  a  substantial  cost  share. 

Legal/Regnlatoiy  Issues 

Legal  and  regulatory  issues  are  significant  factors  in  business  decisions  in  the  U.S.  A 
company  will  often  delay  a  decision  to  pursue  an  innovation  until  legal  and  regulatory  issues 
have  been  addressed  and  resolved.  For  example,  Ford  Motor  Company  fabricated  and 
tested  ceramic  turbocharger  rotors  in  the  late  1970's,  but  did  not  proceed  towards 
commercialization  partly  due  to  concerns  regarding  potential  liability. 

Legal  and  regulatory  issues  in  the  U.S.  typically  add  substantial  cost  to  the  development 
effort.  This  adds  to  the  challenge  of  competing  with  companies  in  countries  where 
regulations  are  not  as  stringent  and  where  litigation  is  less  prevalent 


The  high  cost  of  suitable  silicon  nitride  powders  and  particularly  the  high  cost  of  reliably 
processing  shaped  parts  must  be  substantially  lowered  for  large  scale  cost  competitive 
replacement  of  metals  by  silicon  nitride  structural  ceramics.  Silicon  nitride  turbo  charger 
rotors  cost  about  twice  as  much  as  metal  rotors.  Some  twelve  thousand  per  month  are  now 
being  produced  in  Japan.  The  manufacture  of  automotive  parts  in  Japan  is  not  profitable 
but  is  said  to  have  readied  a  break-even  point  A  long  period  of  processed  development  and 
incremental  innovations  is  still  required  to  develop  substantial  markets  for  silicon  nitride 
structural  ceramics.  After  nearly  fifty  years  of  research  innovations,  it  remains  an  infant 
industry  largely  centered  in  Japan. 

An  excellent  account  of  the  Japanese  program  is  given  in  J.B.  Wachtman,  Jr.,  R.C. 
Bradt,  RJF.  Davis,  R.  Raj,  D.W.  Richerson  and  NJ.  Tighe,  Japanese  Structural  Ceramics 
Research  and  Development,  Foreign  Applied  Sdences  Assessment  Center  Report  Sdence 
Applications  International  Corporation,  McClain,  Virginia,  July  1989. 


MANAGEMENT  OF  INNOVATION 


During  the  1970’s,  Japanese  industry  demonstrated  a  capability  of  improving  productivity 
thm^ngh  technology  development  while  at  the  same  time  enhancing  the  quality  of  production. 
As  a  result,  there  has  been  enormous  Jtqsanese  success  in  export  markets  for  steel,  ships, 
watches,  cameras,  semiconductors,  automobiles  and  consumer  electrical  appliances. 
Management  of  technology  is  not  a  neglected  subject  A  recent  bibliography  lists  more  than 
1500  references  on  technology  strategy^  and  there  have  been  dozens  of  studies  on  differenc¬ 
es  between  corporate  cultures  and  management  systems  in  Japan  vis-4-vis  the  United 
States.^*’  Conference  presentations  on  the  general  question  appear  in  contributions  of 
Poncelet  Kline,  Cutler  and  Kii  which  appear  earlier  in  this  volume.  A  number  of  analysts 
have  suggested  that  one  of  the  key  factors  accounting  for  Japanese  success  is  superior 
management".  Others  have  pointed  out  that  there  are  a  number  of  well-managed  successful, 
effective  American  firms  as  welL 

One  specific  managgtngTit  area  suggested  as  explaining  the  cost  differential  between 
Japanese  and  Western  automobile  industries  is  the  use  of  human  resources.  Japanese 
companies  are  able  to  obtain  better  contributions  hrom  their  employees  through  a  system 
of  management  in  which  all  employees  have  responsibilities  often  considered  as  managerial, 
and  there  is  a  bonom-up  participative  management  style  in  contrast  to  the  usual  western 
top-down  authoritarian  approach.  It  has  even  been  proposed  that  the  superior-subordinate 
relationship  is  cooperative  in  Japan  and  tends  to  be  more  adversarial  in  the  United  States. 
A  second  specific  Japanese  acMevement  is  in-process  inventory  control,  exemplified  by 
Toyoto’s  ke^an  system  of  just-in-time  inventory  managemeuL  A  third  area  of  the  Japanese 
success  is  in  the  use  of  quality  circles  and  of  production  worker  responsibility  to  achieve 
outstanding  quality  control  The  fourth  area  of  Japanese  success  has  been  in  technology 
management  where  the  Japanese  are  purported  to  ^ve  spared  no  efforts  to  maintain  their 
industrial  plants  at  the  highest  technological  level  This  is  seen  as  resulting  from  Japanese 
concern  with  building  market  share  to  achieve  results  in  the  long-term  as  compared  with  the 
short-term  profit  orientation  of  American  industry. 

In  addition  to  specific  management  practices,  national  and  corporate  strategies  of  Japan 
have  been  directed  toward  developing  export  markets.  The  Ministry  of  Intemationai  Trade 
and  Industry  (MITI)  has  been  influential  in  guiding  Japanese  firms  with  regard  to  exports, 
foreign  plant  establishments  and  industrial  development  MlTl  has  stimulated  companies 
to  catch  up  with  foreign  technology  by  encouraging  cooperative  ventures  and  collaboration 
even  thou^  fierce  competition  for  internal  markets  has  not  been  restricted.  In  contrast  to 
the  American  Federal  Trade  G)mmission,  which  is  essentially  a  regulatory  agency,  MITI 
functions  as  a  supporter  of  industry  and  industrial  firms.  MlTi  has  been  supportive  of  what 
it  considers  key  industries  of  the  future  but  also  has  adjusted  to  parameters  of  the 
macroeconomy,  encouraging  low  cost  labor  intensive  imports  for  example.  Amongst  other 
things  Mm  has  encouraged  and  supported  the  development  of  advanced  materials 
technology. 

There  have  been  a  number  of  analysts  of  Japanese-style  management,  which  has  its  roots 
in  sodal  and  cultural  characteristics  of  the  Japanese  people  and  Japanese  society.  A 
primary  distinction  is  the  Japanese  emphasis  on  the  group  as  compared  with  the  American 
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<»mpha<;is  on  the  individuaL  In  the  corporate  world*  the  Japanese  enterprise  is  a  social  as 
well  as  an  economic  organization  and  follows  the  pattern  of  other  social  organizations  in 
Japanese  culture/’*  Japanese  society  tends  to  be  organized  on  "vertical"  family  relationships 
in  which  a  family  consists  of  parents,  grandparents,  children  and  grandchildren  who  make 
family  dedsioDS  by  consensus  as  opposed  to  an  "extended  horizontal"  family  consisting  of 
siblings,  in-laws,  cousins  and  so  on.  This  same  organizational  structure  is  seen  in  compames 
where  relationships  between  corporations  and  their  suppliers  are  strong  and  long-term. 
There  are  close  ties  between  superiors  and  subordinates  in  a  given  unit  and  consensus 
fiffrignti-mfliring  js  preferred.  In  contrast  American  culture  puts  strong  emphasis  on 
individual  achievement.  While  a  Japanese  might  describe  his  occupation  as  a  "Hitachi  man”, 
his  American  counterpart  would  almost  certainly  reply  with  his  professional  category.  If  the 
ideal  Japanese  organizational  structure  is  the  vertic^  family,  the  American  ideal  is  probably 
a  footb^  team  in  which  each  member  has  his  individual  responsibilities;  the  game  plan  and 
coordination  are  left  to  the  coach. 

The  emphasis  on  group  versus  individual,  the  emphasis  on  human  relationships  as 
opposed  to  functional  relationships  and  the  expectation  that  managers  are  generalists  rather 
than  specialists  all  lead  to  behaviors  that  characterize  a  particular  management  style.  The 
emphasis  on  group  leads  to  a  corporate  strategy  that  favors  a  long-term  outlook  for 
marketing  and  product  development,  a  preference  for  growth,  and  an  emphasis  on  well 
established  market  share  building  on  the  permanence  of  each  worker’s  relationship  with  the 
company.  This  is  radically  different  from  Japan  of  the  1930’s,  where  primary  emphasis  was 
placed  on  rapid  return  on  investments.  Matsuchita  Electric  G)mpany  is  given  the  credit  for 
explicitly  emphasizing  the  importance  of  building  market  share  by  reducing  prices  and 
deferring  pretits  both  to  increase  market  share  and  to  establish  barriers  for  competitors 
anxious  to  enter  the  market.’  Further  building  of  market  share  by  superior  quality, 
availability  of  patient  capital  and  technology /manufacturing  leadership  followed. 

These  different  management  styles  have  been  subjected  to  a  comparative  analysis  by 
Murayama^'*  who  has  shown  how  particular  approaches  of  Japanese/ American  management 
are  aimed  at  achieving  norms,  that  is  common  expectations,  values,  standardized  views  as 
local  business  systems  become  integrated  with  an  international  btisiness  system. 

Melcher  and  Aroggaswam/^  have  contrasted  the  decision  and  compensation  systems  in 
the  United  States  and  Japan,  feeling  that  these  are  the  key  to  understanding  Japanese  and 
American  managements.  These  authon  feel  that  the  management  systems  that  have  been 
developed  function  effectively  within  a  particular  environment  and  are  only  likely  to  work 
within  that  culture.  In  the  United  States,  for  example,  vague  authority  and  responsibilities 
and  reward  systems  not  based  on  individual  performance  tend  to  promote  inefticiency  and 
low  productivity.  In  order  to  understand  the  productivity  level  of  quality  and 
competitiveness  of  Japanese  firms,  one  needs  to  look  at  public  policies  that  impaa  the  costs 
structure,  operating  constraints  and  general  support  of  private  enterprise. 

While  there  seems  to  be  an  increasing  convergence  in  corporate  research  and 
development  strategies  in  Japan  and  the  U.S.,  significant  differences  remain  that  affect 
technological  innovation.  There  are  many  exceptions  on  both  sides,  but  in  general  there  are 
the  following  contrasts: 

R  <&  D  structure:  Japan  has  more  decentralized  R&D  with  a  greater  pan  at 

manufacturing  sites  while  the  U.S.  has  more  autonomous  and  centralized 
corporate  laboratories  and  many  small  high-tech  venture  firms  in  which 
development  is  more  closely  allied  with  marketing  needs. 

Employee  specialization:  Japan  has  rather  little  specialization  with  company  training  in 
a  variety  of  functions  while  the  U.S.  bsu  a  high  level  of  speciaiization  with 
training  by  specialized  instimtions  outside  the  company. 
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Employee  orientation:  Japanese  employees  function  in  groups  with  group  and  company 
recognition  for  achievements  while  U.S.  employees  generally  have  an  individual 
career  orientation  with  professional  norms  dominating. 

Technology  transfer  Japan  has  an  extensive  system  of  technology  transfer  actively 
encouraged  by  government  and  occurring  between  families  of  suppliers, 
manufacturers  and  customers.  In  the  U.S.  cooperation  between  suppliers, 
producers  and  users  has  been  rare;  so  have  close  interactions  of  small  businesses 
and  large  corporations. 

Dr.  R.  A.  Swalin,  former  vice  president  for  research  at  Allied  Signal  Corporation  focused 
discussion  on  an  incisive  definition  of  innovation  given  by  P.  F.  Drucker^  "Innovative 
organizations  first  know  what  innovation  means.  They  know  that  innovation  is  not  science 
or  technology,  but  value.  They  know  that  it  is  not  something  that  takes  place  within  an 
organization,  but  a  change  outside.  The  measure  of  innovation  is  the  impact  on  the 
environment.  Innovation  in  a  business  enterprise  must  therefore  always  be  me^et  focused. 
Innovation  that  is  product  focused  is  likely  to  produce  miracles  of  technology  but 
disappointing  rewards."  With  regard  to  achieving  innovation  corporate  culture  is  more 
important  than  corporate  structure.  Two  lands  of  companies  exist  as  end  members  of  a 
continuous  spectrum.  These  may  be  termed  entrepreneurial  versus  professionally  managed. 
as  illustrated  in  Table  1.  From  the  1920’s  through  the  middle  1980’s,  there  was  a  change  in 
American  corporations  from  an  entreprenetiriai  style  to  one  of  professional  management. 
In  the  late  1980’s  and  continuing,  the  trend  seems  to  be  in  the  opposite  direction,  in  pan, 
because  corporations  are  flatter  in  structure  because  of  the  information  technology 
revolution  which  has  made  middle  management  redundant  and  the  need  to  innovate  more 
rapidly  an  environment  of  global  manufacturing,  global  science  and  increasingly,  global 
technology.  In  this  environment  the  role  of  corporate  technology  is  changing.  More  and 
more,  it  is  necessary  for  corporate  technology  to  serve  an  information  function  with  regard 
to  developments  occurring  outside  of  the  corporation,  even  outside  the  United  States,  as 
opposed  to  internally  generated  new  technology. 


Table  1.  There  is  a  spectrum  of  different  kinds  of  companies 


PRE^EURIAL 


PROFESSIONALLY  MANAGED 


Internal  Gsntrols 
Creativity 

Individu^  Autonomy 

Intuitive 

Right  Brain 

Gut  Feeling 

Decentralized 

Networks 

Adult-Adult 

Product  Differentiation 

Person  Centered 


External  Controls 
Conformity 
Central  Control 
Rational/Logical 
Left  Brain 

Scientific  Management 

Centralized 

Hierarchies 

Adult-Child 

Low  Cost  Product 

Organization  Centered 


Source:  DeLisi,  Sloan  Management  Review,  Fail  1990. 
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A  number  of  discussants  suggested  that  there  was  not  such  an  enormous  difference  in 
management  per  se  between  Japanese  and  American  companies,  but  there  was  a  range  of 
behavior.  In  a  comparative  study  of  technological  innovation  in  Japan  and  the  United  States, 
Edward  Mansfield^^  analyzed  successful  projects  based  on  questionnaires  submitted  by 
Japanese  and  American  companies  with  125  corporations  replying;  75  in  the  United  States 
and  50  in  Japan.  He  foimd  that  the  Japanese  innovate  more  rapidly  than  American 
corporations  and  also  they  do  it  more  cheaply.  The  difference,  however,  is  not  enormous: 
about  23%  faster  in  Japan  than  in  the  United  States.  In  the  electronic  industry  the  Japanese 
innovation  was  about  50%  more  rapid  but  the  difference  was  CTnail  in  the  chemical  industry. 
The  most  surprising  difference  is  related  to  the  innovations  with  externally  acquired 
technology  as  compared  with  internally  developed  technologies.  While  internally  generated 
iimovations  in  Japan  and  the  United  States  seem  to  go  along  at  about  the  same  rate,  the 
rate  at  which  externally  acquired  iimovations  proceeded  is  much  faster  in  Japan.  He 
reported  that  Japanese  and  American  companies  spend  about  the  same  amount  on  research 
and  development,  but  the  Japanese  spend  about  twice  as  much  as  American  companies  on 
process  development  while  American  companies  spend  twice  as  much  on  product 
development  and  have  much  larger  manufacturing  start-up  costs.  Differences  seem  to  be 
focused  more  on  research  objectives  than  on  niajor  differences  in  management  effectiveness. 
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One  of  the  successful  technical  innovations  discussed  in  the  section  on  silicon  nitride 
structural  ceramics  was  the  DARPA  Program  on  ceramics  for  gas  turbines.  The  manager 
of  that  activity  for  Ford  Motor  Company,  Arthur  McLean,  commented  on  the  management 
influence  on  technical  innovation  as  foUows: 
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MANAGEMENT  INFLUENCE  ON  TECHNICAL  INNOVATION 


Arthur  F,  McLean,  Consultant,  Tucson,  AZ 


Introduction 

As  a  conference  participant,  I  was  asked  to  discuss,  from  a  corporate  perspective, 
examples  of  technology  innovation  in  the  field  of  advanced  materials  and  the  influence  of 
management  style  and  cultural  differences,  especially  between  Japan  and  the  U.SJA  This 
paper,  which  is  a  follow  up  from  my  earUer  paper  presented  at  the  Session:  Silicon  Nitride 
Structural  Ceramic  Iimovation,  focusses  on  the  aspects  of  management  which  establish  a 
framework  for  involvement  in  technology  innovation.  I  believe  it  is  this  creative  aspect  of 
management  that  can  have  a  favorable  impact  on  individuals  and  groups  involved  which  ran 
really  make  the  difference  in  terms  of,  not  only  nurturing  R&D  process,  but  achieving 
success  in  the  overall  process  of  technology  innovation,  from  research  through  production 
to  sales. 

Goal  Setting  and  Involvement 

Fig.  1  shows  the  interrelationships  of  many  disciplines  toward  the  goals  of  the  DARPA/ 
Ford  Brittle  Materials  Design  Program  (1).  Even  the  generation  of  such  a  chart  at  the  onset 
of  the  program  involved  the  interfacing  of  many  different  disciplines,  thus  providing  an 
awareness  in  the  group  of  how  one’s  own  efforts  might  help  (or  hinder)  the  whole;  the 
presence  of  the  chart  and  its  updating  served  as  a  continual  reminder  of  the  responsibility 


Fie*  1*  Interreladonships  iovoived  in  DARPA/Ford/Wesdnghouse  Prognun  * 


of  each  member  of  the  group.  Furthermore,  it  provided  a  framework  to  establish  and  change 
priorities  durii^  the  program. 

In  any  major  program,  there  are  usually  mini-objectives  for  each  step;  these  also 
frequently  involve  different  disciplines,  though  perhaps  with  finer  differentiation  For 
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example  the  interrelationships  between  different  scientists  on  a  project  —  one  may  be 
involved  in  compositional  experimentation,  another  is  an  electron  microscopist  and  yet 
another  specializes  in  materials  characterization.  Success  is  more  likely  if  they  all  feel 
committed  to  the  objective  and  work  in  an  involved  manner. 

Establishment  and  working  toward  the  goal  will  determine  the  various  disciplines  needed 
to  be  involved.  In  general,  the  bigger  the  goal,  the  broader  the  multidiscipline  involvement. 
The  overall  goal  could  be  as  big  as  a  company  goal  or  even  a  national  goal.  Gearly,  the 
Japanese  goal  to  be  first  to  commercialize  structural  ceramics  for  heat  engines  (2)  was  a  big 
goal  and  must  have  involved  more  disciplines  than  the  DARP A/Ford  Program  or  the  many 
other  U.S.  R&O  programs  underway.  In  particular,  their  commercialization  efforts  must 
have  included  marketing,  production,  costing  and  an  appreciation  of  their  competitor's 
(national  and  international)  development/potendal  strategies. 

Perhaps  a  most  important  question  to  ask  with  respea  to  selecting  a  goal  is  "will  the  goal, 
if  achieved,  lead  to  a  successful  program?"  This  then  prompts  the  question  "what  is  a 
successful  program?"  In  this  field  of  endeavor,  part  of  the  answer  is  to  research,  develop  and 
demonstrate  the  application  of  advanced  materials  to  one  or  more  components.  Another 
part  is  to  develop  production  techniques  and  to  produce  and  sell  such  components  (i.e., 
commercialize).  Real  success,  however,  is  the  measure  of  the  sustained  benefit  of  the 
particular  undertaking  to  the  customer.  In  our  free  market  society,  this  translates  to 
"acceptable  profit"  or  more  specifically  "acceptable  return  on  investmenn"  The  problem  is 
that  in  a  new  material  development,  it  takes  many  years  (often  >20)  ffom  the  scientific 
research  stage  to  significant  production  and  acceptable  return  on  investment.  Furthermore, 
societies  (e.g.,  Japan  vis-a-vis  U.S.A.)  may  have  different  views  on  what  return  on  investment 
is  acceptable  and  these  views  may  vary  with  time!  So,  establishment  of  the  goal  or  of 
contnbutory  mini-goals  is  a  difficult  management  task,  needs  interdisciplinary  involvement 
and  almost  certainly  will  require,  at  least  to  some  degree,  a  leap  of  faith. 

Operadonal  Involvement 

Perhaps  an  important  area  where  Japanese  and  U.S.  methods  have  differed  is  the  degree 
to  which  day-to-^y  involvement  is  achieved  in  carrying  out  the  tasks  at  hand  after  the  goal 
has  been  selected.  Many  of  us  have  had  the  privilege  of  wimessing  or  knowing  of  examples 
of  this;  without  referring  to  specific  names,  I  wotild  like  to  relate  two  such  examples. 

The  first  is  very  simple.  Three  representatives  of  a  Japanese  company  were  visiting  me  and 
others  of  the  Ford  Research  Staff  when  the  question  of  time  dependent  material  properties 
came  up.  To  explain  their  views,  they  decided  to  draw  a  graph  on  the  blackboard.  One  of 
them  drew  the  horizontal  and  vertical  axes,  each  with  an  appropriate  scale.  Simultaneously, 
the  second  of  them  crossed  in  the  points  of  a  curve  and  third  circled  in  the  points  and  drew 
another  curve.  It  seemed  as  if  each  finished  his  part  of  the  task  at  the  same  time.  Viola!  - 
a  very  neat  plot  was  produced  rapidly  by  three  people  in  unison. 

The  second  example  is  more  complicaUKl  and  deals  with  the  time  it  takes  to  build  a  newly- 
designed  experimental  automotive  piston  engine.  It  was  hard  to  believe  that  a  Japanese 
company  was  able  to  do  this  and  have  the  engine  ready  for  test  in  three  months!  It  would 
normally  take  us  over  a  month  just  to  design  and  fabricate  the  patterns  for  the  castings,  let 
alone  pour  the  casting,  make  nia<;hining  fixtures  and  complete  finish  machining.  And  then 
there  are  aU  the  other  i^rts  that  make  up  the  engine.  It  turns  out  they  were  able  to  do  this 
by  working  in  an  intenfisciplinary  and  siinultaneous  manner,  rather  than  a  companmented, 
sequential  manner.  At  the  same  time  as  the  original  engine  was  being  designed,  a 
patternmaker  was  making  his  pattern  drawings  and  a  machining  expen  was  working  out  his 
fixture  nwthods.  Not  only  that,  but  all  other  parts  of  the  engine  were  being  worked  on  in 
this  intmdisciplioary  and  simultaneous  manner.  The  advantages  of  this  approach  are  not  only 
a  much  faster  time  to  completion,  but  also  an  improvement  in  quality  or  cost  of  the 


finished  work-  For  example,  if  a  problem  to  do  with  machinin^is  spotted,  it  can  be 
addressed  quickly  and  by  all  concerned  and  corrected  at  the  source,  even  if  it  means 
changing  the  design. 

To  achieve  this  type  of  multidisciplinary  involvement,  it  is  management’s  responsibility  not 
to  pick  and  check  at  the  many  details  of  a  program,  but  rather  to  foster  the  involvement  and 
trust  of  the  people  on  the  program,  their  commitment  to  the  goal  and  their  feelings  of  pride 
and  responsibility  to  achieve  it.  This  means  that  operational  decision  making  gets  pushed 
dJWTi  to  lower  levels  in  an  organization’s  hierarchy,  thereby  facilitating  quicker  and  more 
accurate  actions  and,  furthermore,  a  smaller  management  focussing  on  bigger  strategic 
issues. 

There  is  stiU  the  question  of  the  cultural  differences  between  Japanese  and  U.S. 
employees.  It  may  well  be  that  their  smaller  country  with  limited  raw  materials,  their  more 
dense  population,  their  more  entrenched  ethnic  background  and  their  respect  for  authority 
enhances  the  Japanese  ability  to  work  in  a  close  team.  Considering  the  U.S.  on  the  other 
hand,  it  may  well  be  that  their  individualistic  innovative  capabilities,  their  entrepreneurial 
style  and  their  multi-ethnic  background  all  combined  with  good,  flexible  management  can 
make  a  well-managed  U.S.  team  successfully  compete  with  the  best,  be  it  in  research  or 
elsewhere. 

Organization  Involvement 

The  Ford  Motor  Company  was  perhaps  the  first  U.S.  automotive  company  to  formally 
focus  on  the  importance  of  company  goals  and  employee  involvement.  Let’s  review  Ford’s 
"Company  Mission,  Values  and  Guiding  Principles"  shown  in  Fig.  2.  Some  points  are  worthy 
of  special  comment.  First,  Ford  is  a  worldwide  company  and,  therefore,  so  are  its  goals. 
People  are  listed  first  in  the  three  Values:  People,  Products  and  Profits.  Quality  and  the 
importance  of  "consumer  and  not  producer  orientation"  have  been  stressed  in  all  disciplines, 
including  research.  An  interesting  manifestation  of  the  overriding  importance  of  quality  that 
has  been  introduced  at  Ford  is  that  anyone  working  on  the  assembly  line  can  push  a  button 
to  stop  the  line  in  the  event  of  a  quality  problem.  This  procedure  also  speaks  to  the  greater 
involvement  of  employees  and  the  increased  management  trust  of  employees.  The  process 
of  employee  involvement  at  Ford  is  combined  with  management  participation  (PM/EI)  and 
entails  personnel  from  within  and  between  groups  regularly  getting  together  to  interchange 
views  and  recommend  aaions.  PM/EI  at  Ford  is  very  active  and  has  been  credited  with 
many  successes.  Similar  methods  have  been  active  in  Japan  and  are  now  being  used  in  many 
large  U.S.  companies. 

With  respect  to  national  R&D  programs,  it  would  seem  that  Japan’s  government,  industry 
and  academia  have  a  common  and  rather  singular  goal  to  stimulate  technical  innovation  and 
increase  international  trade.  In  fact  from  time  to  time.  Mill  and  various  Japanese 
corporations  announce  specific  goals  of  where  they  should  be  by  a  specified  time  in  a 
particular  field  of  technology.  In  the  U.S.,  on  the  other  hand,  our  materials  R&D  goals  are 
not  so  focussed  and  include  such  diverse  aims  as  strengthening  national  defense,  increasing 
U.S.  productivity,  conserving  energy  and  easing  environmental  problems,  with  defense, 
historically,  having  the  strongest  effort.  An  important  question  is  to  what  degree  is  U.S. 
organizational  involvement  used  in  determining,  prioritizing  and  executing  U.S.  materials 
research  and  development  programs?  In  West  Germany,  many  national  R&D  programs 
were  structured  around  significant  corporate  cost  sharing  (as  was  the  DARPA/Ford/ 
Westinghouse  program)  which,  of  itself,  tends  to  foster  continued  corporate  involvement. 
In  Japan,  there  is  an  intricate  web  of  involvement  (3)  between  government  (including 
national  laboratories),  industry  (including  trade  associations)  and  academia  which,  though 
seemingly  overly  complex,  may  well  serve  to  establish  common  goals  and  organizational 
feelings  of  pride  and  responsibility. 


MISSION 


Ford  Motor  Company  is  a  worldwide  leader  in  automotive  and  automotive-related 
products  and  services  as  well  as  in  newer  industries  such  as  aerospace,  communications, 
and  finanrial  services.  Our  mission  is  to  improve  continually  our  products  and  services 
to  meet  our  customers'  needs,  allowing  us  to  prosper  as  a  business  and  to  provide  a 
reasonable  return  for  our  stockholders,  the  owners  of  our  business. 

VALUES 

How  we  accomplisb  our  mission  is  an  important  as  the  mission  itself.  Fundamental  to 
success  for  the  Company  are  these  basic  values: 

People  —  Our  people  are  the  source  of  our  strength.  They  provide  our  corporate 
intelligence  and  determine  our  reputation  and  vitality.  Involvement  and  teamwork  are 
our  core  human  values. 

Products  —  Our  products  are  the  end  result  of  our  efforts,  and  they  should  be  the  best 
in  serving  customers  worldwide.  As  our  products  are  viewed,  so  are  we  viewed. 

Profits  -•  Profits  are  the  ultimate  measure  of  how  efficiently  we  provide  customers  with 
the  best  products  for  their  needs.  Profits  are  required  to  survive  and  grow. 

GUIDING  PRINCIPLES 

Quality  comes  first  —  To  achieve  customer  satisfaction,  the  quality  of  our  products  and 
services  must  be  our  number  one  priority. 

Customers  are  the  focus  of  everything  we  do  —  Our  work  must  be  done  with  our 
customers  in  mind,  providing  better  products  and  services  tnan  our  competition. 

Continuous  improvement  is  essential  to  our  success  —  We  must  strive  for  excellence  in 
everything  we  do:  in  our  products,  in  their  safety  and  value  — >  and  in  our  services,  our 
human  relations,  our  competitiveness,  and  our  profitability. 

Employee  involvement  is  oin  way  of  life  —  We  are  a  team.  We  must  treat  each  other 
with  trust  and  respect 

Dealers  and  suppliers  are  our  partners  —  The  company  must  maintain  mumally 
beneficiai  relationships  with  dealers,  suppliers,  and  our  other  business  associates. 

Integrity  is  never  compromised  —  fhe  conduct  of  our  Company  worldwide  must  be 
pursued  in  a  maimer  t^t  is  socially  responsible  and  command  respect  for  its  integrity 
and  for  its  positive  contributions  to  society.  Our  doors  are  open  to  men  and  women 
alike  without  discrimination  and  without  regard  to  ethnic  origin  or  personal  beliefs. 


Fit.  2.  Ford  Motor  Compaiiy  VGssioa,  Values  and  Guiding  Principles 
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Arden  Bement  (4)  points  out  the  winds  of  change  are  upon  us,  including  the  powerful 
upcoming  European  market,  continued  strengthening  of  the  Japan/PaciEc  Rim  markets, 
majorr  reforms  in  the  USSR,  and  a  reduction  in  U.S.  defense  expenditures.  He  contends 
that  a  new  partnership  is  needed  between  government  and  industry. 

The  writer  agrees  that  it  is  time  for  a  new  relationship  between  U.S.  government,  industry 
and  academia  to  foster  technical  innovation,  including,  for  example,  improving  the  way 
materials  R&D  programs  are  selected,  prioritized  and  executed.  Many  issues  need  to  be 
addressed,  such  as:  How  corporate  management  be  involved  in  and  committed  to 
national  goals?  Do  national  R&D  programs  always  have  to  be  considered  as  government 
programs?  Why  not  corporate  programs  with  government  support  -  or  just  national 
programs  with  govemmmnt  and  corporate  support!  How  should  national  programs  involving 
different  countries  and  multinationai  companies  be  weaved  together  into  the  international 
arena?  How  fan  small  companies  be  committed  and  their  entrepreneurial  qualities  be  best 
utilized?  Should  the  mUitaxy-emphasis  of  U.S.  R&D  be  changed?  How  can  college  graduates 
be  educated  to  better  appreciate  the  business  aspects  of  R&D  and  technical  iimovation? 
Industry,  government  and  academia  must  plan  to  handle  change.  They  must  cease  acting  in 
advocatory  roles  and  learn  to  work  effectively  together  in  the  field  of  technical  innovation, 
thereby  enhancing  the  prospects  of  sustained  future  growth  and  iymproved  living  standards. 
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Dr.  Seiichi  Watanabe,  Director  of  the  Sony  Corporation  Research  Center  described  Sony 
policies  in  developing  a  Center  of  Excellence,  lliere  is  an  ancient  Chinese  story  of  two 
armies,  one  smaller  than  the  other,  facing  each  other  across  a  river.  The  smaller  army 
voluntarily  crossed  and  positioned  itself  with  its  back  to  the  water.  This  provided  a  do-or-die 
situation  and  enabled  the  smaller  army  to  emerge  victorious.  Sony  attempts  to  have  its 
research  groups  voluntarily  put  themselves  in  the  same  position  where,  after  extensive 
consultation  and  discussion,  an  objective  is  selected  for  which  bard  work  and  dedication  is 
necessary.  As  an  illustration  of  the  continued  support,  he  dted  the  twenty  yeaz  re{earch 
program  to  develop  a  high  definition  CCD  video  device.  For  a  period  of  ten  years,  this 
dedicated  research  program  had  a  research  and  development  cost  of  about  0.15  to  03%  of 
total  company  sales,  which  finally  resulted  in  technological  success.  In  his  view  this  long  term 
commitment  is  necessary  to  achieve  difficult  technological  accomplishments.  An  imponant 
pan  of  the  Sony  approa^  is  to  actively  encourage  multicultural  experience  of  the  research 
and  development  managmrs.  In  addition  to  research  activity,  employees  are  expeaed  to 
work  at  production  jobs,  at  sales  jobs,  and  encourage’d  to  have  foreign  experience.  Outside 
influences  are  developed  through  collaborative  research  with  universities  and  participation 
of  foreign  researchers  and  trainees  within  the  Sony  corporate  research  center. 

A  third  factor  Sony  considen  extremely  important  is  the  relationship  with  customers.  "Our 
researchers  are  encouraged  to  maintain  constant  cooperation  and  advice  from  customers. 
We  look  forward  to  customer  complaints  as  a  valuable  source  of  innovations.  Nothing  is 
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more  important  for  our  management  ±an  maintaining  effective  customer  feedback."  Some 
time  ago,  Sony  was  engaged  in  a  joint  venture  with  an  American  company,  sharing 
production  sales  and  American  research  and  development  With  regard  to  product 
performance,  the  American  partner  took  the  viewpoint  that  existing  performance  and 
policies  should  be  satisfactory  for  consumer  applications  and  they  did  not  see  needs  for 
continual  improvements  and  it  was  on  this  basis  that  the  joint  venture  fell  apart.  "I  lived  in 
the  United  States  many  years  ago  and  it  is  my  observation  that  American  companies  have 
little  or  no  regard  for  customer  opinion."  Daniel  Button,  Director  of  Electronics  at  the 
DuPont  Japan  Technical  Center,  commented  that  his  company’s  ceramic  materials  sales  are 
a  greater  fraction  of  total  business  in  Japan  than  in  the  United  States  and  that  parallels  the 
intensity  of  the  Japanese  DuPont  interaction  with  customers.  "In  Japan,  we  live  with  our 
customers,  our  tectoological  people  are  constantly  with  customers  visiting  them  and  likewise 
we  are  visited  by  customers."  He  indicated  that  far  more  customer  complaints  are  received 
in  Japan  which  is  a  value  becatise  it  provides  a  basis  for  understanding  critical  requirements. 
In  Japan  it  is  necessary  to  develop  a  structure  that  enhances  transferred  information, 
technical  service  person  and  researcher  being  one  and  the  same*.  In  the  United  States,  the 
technical  service  group  is  completely  independent  of  the  research  group.  Research  people 
tend  to  look  down  upon  technical  service  people.  In  Japan  the  cycle  times  are  "extraordinari¬ 
ly  shorter"  and  Button  attributes  a  lot  of  this  to  the  direct  researcher-customer  interactions. 

Dr.  Watanabe  proposes  the  effective  R&D  and  product  development  affects  corporate 
culture: 


CULTURAL  REVOLUTION  AND  R&D 


Seuchi  Watanabe,  Sony  Corporation  Research  Center 


As  I  review  the  R&D  efforts  in  Sony  I  have  found  that  there  is  another,  hidden  mission 
of  R&D  other  than  the  well-known  mission  of  making  something  new  and  developing 
prototypes  or  samples;  that  is,  to  keep  the  company  always  young,  flexible  and  challenging 
by  constantly  shalring  up  the  whole  company  culturally  through  the  introduction  of  new 
concepts  associated  wi^  outputs  of  R<^.  I  will  review  some  cases  of  research  and 
development  and  see  how  they  revolutionized  and  broadened  the  corporate  culture.  Sony 
was  established  in  1946  right  afrer  the  war  and  is  now  a  company  of  20  billion  dollars  sales 
in  1989.  The  business  covers  a  broad  area.  The  growth  of  the  company  has  been  rapid,  and 
has  resulted  from  the  introduction  of  new  products  creating  new  markets:  tape  recorders, 
transistor  radios,  televisions,  videotape  recorders  and  so. 

The  R&D  spirit  at  Sony  is  summarized  in  the  prospectus  of  foundation  written  by  Mr. 
Ibuka  as  shown  in  Fig.  1.  The  Sony  style  of  R&JD  has  been  to  concentrate  on  selected 
targets,  often  at  the  risk  of  the  whole  company  or  at  least  a  whole  btisiness  group. 

The  first  case  is  magnetic  recording,  and  the  first  product  was  a  tape  recorder.  It  is  a  well 
known  story  that  Mr.  Morita  who  had  been  a  researcher  in  physics  and  lectured  at  Tokyo 
Institute  of  Technology  prior  to  joining  Sony  threw  himse^  into  marketing  to  sell  tape 
recorders  and  transistor  radios.  He  himself  experienced  a  number  of  tremendous  culture 
shocks  during  the  course  of  establishing  a  global  sales  market  network.  The  technology  has 
evolved  to  walkman,  and  also  to  video  tape  recorders,  and  with  the  8  millimeter  videocam 
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Fig.  1.  The  Sony  Spirit  as  written  by  Mr.  Ibuka 

•  The  establishment  of  an  ideal  factory— free,  dynamic,  and  pleasant— 
where  technical  personnel  of  sincere  motivation  can  exercise  their 
technological  skills  to  the  highest  level. 

•  We  shall  eliminate  any  untoward  profit-seeking,  shall  constantly 
emphasize  activities  of  real  substance,  and  shall  not  seek  expansion  of 
size  for  the  sake  of  size. 

•  We  shall  be  selective  as  possible  in  our  products  and  will  even  welcome 
technological,  difficulties.  We  shall  focus  on  highly  sophisticated 
technical  products  that  have  great  usefulness  in  society,  regardless  of  the 
quantity  involved.  Moreover,  we  shall  avoid  the  formal  demarcation 
between  electricity  and  mechanics,  and  shall  create  our  own  unique 
products  coordinating  the  two  fields,  with  a  determination  that  other 
companies  cannot  overtake. 


products,  the  metal  powder  tape  was  introduced.  The  progress  of  recording  density  has  been 
linear  in  logarithmic  scale  against  the  year  as  the  semiconduaor  memory,  and  has 
experienced  a  number  of  generation  changes  (Fig.  2).  The  culmral  changes  affecting  Sony 
caused  by  the  introduction  of  the  first  phase  of  magnetic  recording  technology  can  be 
summarized  as  in  Fig.  3. 

Another  example  is  the  charge-coupled-device  image  sensor.  The  device  was  invented  at 
Bell  Telephone  Laboratories  and  exploratory  research  was  begun  at  Sony  in  1970,  in  a  so- 
called  under-the-table  manner.  This  kind  of  exploratory  research  under  the  table  typifies  the 
free  and  dynamic  atmosphere  of  research  at  this  company.  Then  in  1973,  Mr.  Iwama,  the 
president  at  that  time,  picked  it  up  as  a  corporate  project.  In  1978  the  project  was 
transferred  to  the  business  unit.  Semiconduct  Group,  where  a  new  clean  room  facility  was 
built  for  this  project.  In  1980  the  device  was  commercially  introduced  for  ANA  airplanes  and 
a  mass-production  line  for  consumer  products  was  built  in  1982.  In  that  year  Mr.  Iwama  died 
before  any  applications  to  consumer  products  were  successful. 

It  was  only  toward  the  end  of  the  1980’s  that  the  device  business  began  to  pay  back  the 
accumulated  R&D  and  production  expenditure,  after  nearly  20  years’  intensive  activities 
pushing  up  the  company  to  be  the  largest  share  holder  of  the  device.  At  the  1990 
international  solid-state  circuit  conference,  we  could  successfully  report  on  the  fabrication 
of  a  CCD  image  sensor  for  HDTVs.  Cultural  revolutions  initiated  by  CCD  in  Sony  included 
the  first  ultra-clean  technology  which  was  revolutionary  to  the  plant  where  they  knew  only 
discrete  devices.  The  next  was  a  corporate  strategy  that  includes  the  huge  investment  which 
is  characteristic  to  any  semiconductor  industry  of  very  large  scale  integration. 

The  next  case  is  the  compact  disc.  Research  of  digital  audio  technology  was  begun  by  Dr. 
Heitaro  Nakajima  around  1965  at  NHiC,  and  he  continued  the  research  after  he  joined  Sony. 
Various  new  technologies  had  to  be  researched  and  developed  associated  with  compact 
discs.  He  had  to  negotiate  with  Philips  about  technical  issues  for  standardization  and  also 
with  Japanese  companies.  The  laser  diode  was  not  available  when  Sony  decided  to  employ 
it  as  the  optical  source  for  reading  the  signal  on  the  disc.  The  whole  project  was  successful 
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Fig.  3.  Cultural  Revolution  Experienced  Affecting  Sony  through  the  Evolution  of  Magnetic  Recording 

1.  The  Third  Creativity  is  Creativity  of  Marketing 

(1)  Scientific  Creativity 

(2)  Creativity  through  Technology  and  Products 

(3)  Creativity  through  Marketing 

2.  Production  of  Materials  and  Devices 

Establishment  of  the  Plant  for  Magnetic  Material  Devices  (in  Sendai) 

3.  Cooperation  and  Competition  with  Academic  Circles  and  other  Companies 


in  the  end,  replacing  the  older  technology  invented  by  Edison.  The  cultural  revolutions 
initiated  by  this  technology  are  summarized  in  Fig.  4. 


Fig.  4.  Cultural  Revolutions  Affecting  Sony  through  Evolution  of  the  Compact  Disk 

1.  LSIs  for  Massive  Consumer  Application 
16  kbit  Memory 

ASIP 

2.  Major  Merchandise  in  Component  Business 
(Optical  Pickup,  LSI,  Semiconductor  Laser,  Servo) 

Cost 

Reliability 

3.  Leadership  in  Audio  Business 
Price 

Product  Planning 

4.  Infrastructure  for  Computer  Peripheral  Business 


Through  exciting  and  challenging  R&D  activities,  a  number  of  aphorisms  have  appeared 
which  continue  to  encourage  researchers  and  engineers.  Some  of  them  are  as  follows: 

•  Assign  jobs  to  the  busiest  one. 

(because  he  is  capable  and  being  busy  is  not  a  reason  to  delay  the  project) 

•  Place  the  troops  with  a  river  behind  their  backs. 

(so  that  there  is  no  way  back  but  to  fight  and  win.) 

•  Don’t  let  the  manager  look  at  interesting  seeds. 

(until  they  take  a  form  good  for  judgement) 

•  Bury  failed  seeds  in  the  darkness 

(so  that  risk-taking  exploration  may  not  be  discouraged.) 

It  is  true  that  R&D  is  not  the  only  engine  for  cultural  revolution.  There  are  other 
motivating  forces,  such  as  so  called  customers’  voice,  voice  from  the  floor,  etc.  Yet  nobody 
would  deny  that  R&D  is  a  very  important  driving  force. 

So,  how  can  management  enhance  smooth  embedding  of  R&D  outputs  into  a  stiff 
existing  body  and  keep  the  company  young,  flexible  and  challenging?  It  is  effective  if 
managers  take  risks  and  encourage  R&D,  and  the  resulting  cultural  revolution  as  shown  in 
Fig.  5.  Second  is  to  create  an  environment  where  researchers  and  engineers  get  exposed  to 
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Fig.  5.  R&D  and  Cultural  Revolution 
•  To  Accomplish  the  other  Mission  of  a  Research  Center  • 

1.  Positive  revolution  of  the  System  and  Management  through  Accepting  R&D 
Results 

2.  Mtilticultural  Experience  and  Understanding  of  the  Persons  in  Charge  of 
R&D 

3.  Construction  of  a  free,  generous  and  happy  working  atmosphere 


various  experiences  so  that  they  may  have  multi*cultural  understanding,  and  may  enrich  their 
own  views,  enabling  them  to  evaluate  themselves  from  various  aspects.  Such  experiences  as 
production,  sales,  or  working  in  other  organizations  outside  the  company  should  be 
encouraged.  A  third  is,  as  stated  in  the  prospectus  of  Sony  foundation,  creating  a  free  and 
dynamic  working  environment  where  each  member  can  fuUy  demonstrate  his  or  her 
capability,  based  on  free,  unrestriaed  ways  of  thinking. 

To  reach  these  objectives  I  have  proposed  to  create  a  center  of  excellence  in  industry 
of  our  Research  Center  as  shown  in  Fig.  6.  A  center  of  excellence  in  industry,  in  my 
definition,  should  have  not  only  a  physically  excellent  environment,  including  facilities  and 
adequate  funding,  but  also  a  positive  integrating  interaction  among  researchers  gathering 
from  all  over  the  world.  The  environment  should  be  basically  open,  although  some 
consideration  must  be  given  to  company  secrecy.  I  think  that  trying  to  achieve  this  target 
which  is  not  yet  well  established,  is  itself  effective  in  keeping  the  company  active. 
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A  quite  different  management  problem  is  faced  by  a  government  organization  whose 
aim  is  to  encourage  the  development  of  new  high-value-added  industry.  Kazuo  Kobayashi, 
formerly  direaor  of  a  MITI  laboratory,  gives  his  views  of  the  MITI  strategy. 


Mm  STRATEGY 


Kazuo  Kobayashi 

The  Agency  of  Industrial  Science  and  Technology  (AIST)  is  a  part  of  the  Ministry  of 
International  Trade  and  Industry  (Fig.  1)  Ml  l  L  AIST  has  16  government  research  institutes 


Fig,  L  Govenuneiit  Orpaizatkm  related  to  Fine  Ceramics  in  Japan 
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with  a  total  of  about  2500  researchers,  and  plays  a  big  role  for  technology  in  fine  ceramic 
In  Mm  the  Fine  Ceramic  Office  works  on  planning  and  promotion  for  fine  ceramic 
industries.  In  the  General  Coordination  Division  in  AIST  senior  officers  work  as 
coordinators  for  big  national  projects  such  as  the  Advanced  Gas  Turbine  Project  which  is 
a  cooperative  project  of  industries  and  government  research  institutes.  Nine  of  16  institutes 
which  were  located  in  the  Tokyo  metropolitan  area  moved  to  Tsukuba  area  to  form  the 
research  center  of  AIST  and  another  nine  institutes  are  scattered  in  local  areas  from 
Hokkaido  to  Kyushu  to  promote  local  industry  as  well  as  advanced  technology. 

Current  national  R&D  projects  related  to  fine  ceramics  promoted  by  Mm  and  the 
budget  in  FY1991  are  as  follows. 

High-Performance  Ceramics:  (1981-1992,  Budget  for  FY 1991  is  1,222  million  Yen).  This 
project  is  one  of  the  projects  on  Basic  Technologies  for  Future  Industries  which  aims  at  the 
development  of  iimovative  basic  technologies  essential  for  establishing  new  industries.  The 
High-Performance  Ceramic  Project  aims  at  development  of  high-strength  ceramics  for  use 
at  extremely  high  temperatures  to  be  used  as  materials  for  gas  turbine  components.  Silicon 
nitride  and  silicon  carbide  ceramics  with  high  reliability  which  can  stand  high  temperatures 
up  to  1200  *C  were  developed. 

Ceramic  Gas  Turbine  Project:  (1988-1996,  Budget  for  FY  1991  is  1,773  millon  Yen). 
This  project  belongs  to  the  Moonlight  Project  which  is  a  comprehensive  program  of  R&D 
for  energy  conservation.  The  project  aims  at  development  of  a  ceramic  gas  turbine 
applicable  to  co-generation  and  electric  power  generation  systems.  These  turbines,  which 
use  non-petroleum  fuels  such  as  natural  gas  and  methanol,  offer  thermal  efficiency  which 
may  be  increased  to  42%  by  raising  the  turbine  inlet  temperature  to  1350  *C. 

Superconducting  Materials  and  Devices:  (1988-1997,  Budget  for  FY  1991  is  2,778  million 
Yen).  This  is  one  of  the  projects  on  Basic  Technologies  for  future  Industries.  The  projea 
aims  at  development  of  new  superconducting  materials,  processing  technologies  for  applying 
superconducting  materials  to  electric  power  equipment,  e.g.  magnets  and  wire,  and 
technologies  for  fabricating  superconducting  electric  devices.  One  R&D  result  is  an 
automated  fabrication  apparatus  developed  for  searching  out  new  superconducting  materials. 
Development  of  strongly  pinned  superconductors  and  direct  observation  of  the  magnetic 
field  distribution  on  the  superconductor  were  also  accomplished. 

High  Performance  Materials  for  Severe  Environments:  (1989-1996,  Budget  for  FY  1991 
is  1,699  million  Yen),  This  is  one  of  the  Projects  on  Basic  Technologies  for  Future 
Industries.  This  project  aims  at  the  development  of  carbon/carbon  composites,  intermetallic 
compounds  and  fiber  reinforced  intermetallic  compounds  which  can  be  used  to  develop  a 
space  plane  and  SST/HST.  At  present,  SiC  fiber  modified  by  the  electron  beam  method  was 
developed  to  stand  high  temperatures  of  1500 ’C. 

Advanced  Materials  Processing  and  Machining  System:  (1986-1993,  Budget  for  FY1991 
is  3,159  million  Yen).  This  is  one  of  the  Large  Scale  Projects.  This  project  is  aimed  at 
advanced  surface  processing  using  laser  beams  and  ion  beams  and  an  ultra  precision 
mechanical  processing  for  advanced  industries  such  as  energy,  precision  machining  and 
electronics.  At  present,  elementary  techniques  for  high  power  excimer  laser,  high  current 
density  ion  beam  and  ultraprecision  machining  have  been  developed. 

Fuel  Cell  Power  Generation  Technology:  (1981-1995,  Budget  for  FY1991  is  3,738 
million  Yen).  This  is  one  of  the  Moonlight  Projects.  This  project  aims  at  development  of 
design  concepts  for  systems  adaptable  to  both  dispersed  and  centralized  power  stations, 
using  fuel  cell  power  generating  devices  whose  potential  efficiency  can  reach  as  much  as  40 
to  60%.  Natural  gas,  methanol  and  coal-derived  gas  are  used  as  fuels. 

Advanced  Chemical  Processing  Technology:  (1990-1996,  Budget  for  FY1991  is  1,161 
million  Yen).  This  is  one  of  the  Large  Scale  Projects.  This  project  is  R&D  on  advanced 
chemical  processing  technology  for  producing  new  functional  materials  such  as  gradient 
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materials,  pure  metals  and  polymers  with  fine  alignment  of  molecules. 

Superconducting  Technology  for  Electric  Power  Apparatus:  (1988-1995,  Budget  for 
FY1991  is  3,140  million  Yen).  This  is  one  of  the  Moonlight  Projects.  This  project  aims  at 
development  of  a  more  efficient  and  stable  electric  power  system  using  superconducting 
power  apparatus,  among  which  generators  are  the  closest  target  The  system  will  assist  in 
overcoming  problems  such  as  power  loss  and  lack  of  suitable  sites  for  transmission  lines 
which  occur  as  power  stations  become  bigger  and  more  remotely  situated. 

Advanced  Surface  Modification  in  Material  Processing:  (1989-1993,  Budget  for  Fyi991 
is  41  million  Yen).  This  is  one  of  the  Regional  Technology  Development  Systems.  The 
system  was  started  in  1982  for  the  purpose  of  promoting  advanced  technology  for  regional 
industries.  Each  of  9  government  research  institutes  conduct  one  suitable  projea  with 
cooperation  of  regional  industries.  The  Government  Industrial  Research  Institute,  Osaka  is 
the  coordinator.  The  aim  is  to  develop  technology  on  advanced  surface  modification  for 
materials  such  as  metals,  plastics  and  ceramics  in  order  to  yield  mechanical,  electrical, 
magnetical  and  optical  surface  functions.  Equipment  was  developed  for  studying  the  effect 
of  ion  beam  pre-bombardment  on  the  material  surface  and  high  energy  ion  implantation  was 
carried  out  to  provide  an  intermixed  layer  at  film/substrate  surfaces. 

Those  mentioned  above  are  big  national  projects  with  cooperation  of  industry, 
government  research  institutes  and  universities.  In  addition  to  those  projects,  all  government 
research  institutes  under  AIST  are  carrying  on  their  own  special  research  projects,  about  23 
themes  in  total,  related  to  fine  ceramics.  Those  special  projects  can  be  proposed  by  each 
institute. 

It  is  important  for  Japan  to  promote  creative  technical  development  and  to  contribute 
to  the  world  community  through  technical  development.  To  consolidate  research  and 
development  related  to  industrial  technology,  MIH  established  the  New  Energy  and 
Industrial  Technology  Consolidated  Development  Organization  (NEDO).  This  organization 
is  given  responsibility  for  undertaking  industrial  technology.  One  of  the  works  of  NEDO  is 
the  Research  Facility  Development  Program.  The  program  is  to  establish  large  and  high- 
level  facilities  which  are  indispensable  for  promotion  of  creative  R&D  in  advanced  fields 
and  have  these  facilities  widely  available  for  domestic  and  foreign  researchers. 

Improvement  and  operation  of  these  facilities  are  performed  by  the  third  sector 
established  for  each  facility.  The  third  sector  will  finance  one  half  of  the  initial  capital 
investment  and  also  half  of  the  operating  cost.  Two  thirds  of  the  capital  is  provided  by 
NEDO  while  the  remaining  one-third  is  provided  by  private  and  local  government  agencies. 

Some  facilities  at  present  related  to  fine  ceramic  technologies  are  as  follows.^ 

Ion  Engineering  Center  located  in  Osaka.  This  facility  opened  partially  in  1990  to  study 
the  technology  of  ion  beams. 

Japan  Microgravity  Center  located  in  Hokkaido.  This  is  a  vertical  drop  facility  which 
enables  various  non-gravity  tests  for  about  10  seconds  using  existing  vertical  pits  of  old 
mines  and  opens  in  July,  1991. 

Applied  Laser  Engineering  Center  located  in  Niigata.  This  is  a  facility  to  study  the 
technology  of  applying  laser  for  industry  and  opened  in  April,  1991. 

Advanced  Material  Research  Center  located  at  Yamaguchi  and  Gifu.  This  is  a  facility 
to  study  and  evaluate  material  physical  properties  and  functions  in  super-high  temperature 
environment  and  is  scheduled  to  open  partially  in  1991. 
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In  the  United  States  the  3M  company  is  an  exception  in  which  new  venture  businesses 
are  regularly  developed  within  a  large  corporate  culture.  Other  large  corporations  have  had 
extreme  difficulty  with  new  ventures  that  are  generally  thought  to  be  done  more  effectively 
in  a  small  business  entrepreneurial  environment.  Dr.  Tait  Elder,  formerly  a  venture  manager 
at  3M,  describes  what  be  has  learned  from  his  experience. 


MANAGING  SMALL  INNOVATIVE  VENTURE  GROUPS 


Tait  Elder,  Two  Harbors,  MN  55616 


Small  venture  groups  form  new  sub-cultural  units  which  achieve  long  term  viability 
through  overcoming  obstacles  created  in  a  wide  variety  of  cultural  interfaces.  The  following 
account  illustrates  this  assernon  from  two  personal  perspectives:  first,  in  the  development 
of  one  particular  btjsiness  venture;  and  second,  in  a  discussion  of  characteristic  features  of 
venture  group  management  The  development  of  these  opinions  mirrored  my  own  transition 
from  being  a  physicist-scientist-supervisor  into  being  a  marketer-manager-executive.  The 
common  factor  in  all  of  these  ch^ges  was  productively  dealing  with  cultural  interfaces. 
Success  in  this  effort  depended  on  repeated  assistance  both  from  other  people  and  from 
luck. 

Transition  from  Researcli  and  Development 

I  joined  3M  after  seven  years  of  industrial  research  elsewhere  in  semiconductor 
materials  and  geophysical  measurements.  In  the  Central  Research  Laboratory  I  first  did 
research  in  magnetic  materials  and  in  organic  dielectrics;  following  this  I  was  made 
supervisor  of  a  research  group  involved  in  several  areas  of  physics  and  materials.  This  unit 
was  measured  by  professional  publications,  patents/inventions  and  occasional  internal 
consulting.  By  the  time  the  group  consisted  of  about  thirty  people,  I  was  made  a  manager, 
and  I  developed  a  growing  personal  interest  in  identifying  research  directions.  Broadening, 
which  occurred  during  this  period,  was  a  natural  consequences  of  my  job  responsibility.  The 
people  I  spent  time  with  introduced  me  to  more  physics  topics,  to  materials  new  to  me,  to 
legal  and  marketing  aspects  of  applied  research  and  to  a  wider  span  of  persoimel  or 
administrative  situations. 

My  boss  at  that  time  was  Dr.  James  R.  Johnson,  a  president  of  the  American  Ceramic 
Society  and  a  longtime  contnbutor  to  technological  iimovation  at  3M.  Over  the  years,  in 
many  late  afternoon  discussions  we  considered  the  commercialization  of  technology  and  3M 
ways  of  addressing  this.  In  the  mid  1960’s,  he  initiated  a  very  large  cooperative  project 
involving  several  of  the  groups  in  his  laboratory,  including  nearly  a  third  of  my  group,  in  a 
technically  successful  development  of  an  electron  beam  stimulated  laser  with  tunable 
emission  throughout  the  visible  region.  It  was  a  laboratory  effort,  set  up  to  be  a  proprietary 
element  in  a  concurrent  development  of  a  computer  output  printing  system  under  design  in 
an  operating  division.  Unfortunately,  our  laser  was  not  commerdally  operable  in  time  to  be 
included  in  that  design,  and  by  the  time  the  laser  prototype  was  completed  there  were 
competing  technologies  serving  the  same  functions  mor:  economically.  In  analyzing  this 
disappointment,  we  concluded  that  we  should  have  had  a  committed  product  champion 
whose  bnsiiicss  was  to  find  a  selectively  appropriate  and  early  application  before 
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competitive  technologies  emerged 

This  experience  led  me  to  value  first  hand  knowledge  of  a  whole  array  of  what  are 
called  above  cultural  Interfaces:  with  financial  people,  whose  quantificatioa  of  our  dreams 
controlled  funding;  with  marketing  experts  who  passed  judgment  on  the  dreams  themselves; 
with  manufacturing  professionals  whose  estimates  were  often  regarded  more  highly  than 
ours;  and  with  actual  customers,  whose  opinions,  however  formed  were  more  important 
than  all  the  other  factors  combined  The  transition  from  a  research  project  (which  is  not  a 
business)  into  a  profitable  new  commercial  venture  (which  is  a  business)  involves  a 
succession  of  new  cultural  encounters,  frictions,  dashes  and  adaptations.  Generally  it  is  the 
seller  of  a  product  or  a  concept  who  must  learn  and  adapt,  not  the  buyer. 

The  fact  that  I  simply  dedded  to  leave  a  laboratory  manager  job  and  try  to  stan  a 
business  tells  a  great  de^  about  the  pervasive  and  favorable  climate  for  commerdalization 
at  3M.  A  phone  call  to  the  secretary  of  the  Vice  President  for  the  New  Products  Division, 
whom  I  did  not  know,  arranged  the  first  of  what  turned  out  to  be  a  sequence  of 
conversations  devoted  to  what  to  do  and  how  to  get  started  Initially  I  looked  at  ideas  with 
proprietary  prospects  in  my  Central  Research  group  to  exploit;  but  I  found  they  looked 
better  to  me  when  I  had  been  selling  them  than  they  did  when  I  was  going  to  bet  my  career 
on  one  of  them.  Many  of  these  derived  from  new  materials  or  phenomena  for  which  there 
were  still  serious  problems  with  cost  or  reprodudbility.  Their  patents  mentioned  many 
applications,  but  it  was  not  dear  that  any  had  real  customers  at  present  price  and 
performance.  The  simple  linear  model  of  innovation,  with  a  concept  being  handed  off  from 
research  to  development  to  commercialization  groups,  was  just  not  available  to  one  with  my 
status  and  expectations.  Finding  a  current  bu^ess  use  for  a  "cure  for  which  there  is  no 
known  disease”  had  a  long  and  indefinite  time  scale.  Fortunately,  the  vice  president  then 
suggested  that  there  had  been  an  unusually  exhaustive  market  research  report  on  the 
security  industry  recently  prepared  in  his  division. 

I  read  the  report,  and  what  caught  my  attention  was  the  idea  of  preventing  article  theft 
by  use  of  an  affixed  target  or  tag  which  was  detectable— actually,  distinguishable — at  a 
distance.  There  were  already  four  such  detection  systems  being  sold,  each  uepenoing  on  a 
different  technology.  Interviews  with  vendors  and  with  actual  users  were  reported  which 
identified  limitations,  market  potentials  and  even  the  range  of  prices  paid.  Unlike  the  linear 
model,  I  had  here  a  selection  of  tangible  objectives;  I  saw  my  assignment  as  being  the 
broker  between  customer  needs  and  a  proprietary  adaptation  of  any  technology  which  could 
fit  them.  The  result  would  have  to  be  both  cheaper  and  better  than  what  was  available  by 
the  time  we  could  get  to  market  The  convoluted  sales  arguments  needed  to  prove  that  a 
more  expensive  new  product  was  somehow  a  lot  better  did  not  seem  to  me  to  be  a  practical 
way  to  success. 

At  first  I  tried  to  read  commerdaL,  patent  and  technical  literature  pertaining  to  this 
concept  of  artide  protection.  In  a  matter  of  weeks  it  became  dear  that  this  was  no  part  time 
job.  With  nothing  more  than  a  conversational  agreement,  I  relinquished  my  position  in 
Central  Research  in  early  1969.  My  group  was  divided  into  two,  ea^  headed  by  a  capable 
new  supervisor  willing  to  do  my  former  job  permanently.  In  turn,  I  assumed  the  entry  level 
title  of  Technical  Market  Analyst  in  the  New  Products  Division  at  my  same  salary;  I  asked 
for  and  received  a  desk,  a  phone,  a  small  shared  office  and  occasional  secretarial  aid.  I  also 
asked  for,  and  received  later  as  appropriate,  money  when  needed  for  tangible  requirements 
of  my  venture  as  these  emerged.  Over  the  next  year  this  informal  arrangement  worked  very 
well  for  my  travel  expenses  to  visit  vendors,  customer  prospects,  the  U.S.  Patent  Office,  and 
industry/trade  meetings.  It  also  enabled  me  to  fund  targeted  research  and  evaluation  studies 
to  quantify  technical  alternatives  in  both  cost  and  performance.  Eventually  this  incremental 
funding  UKthod  provided  me  the  protracted  loan  of  people  dedicated  to  pursuing  practical 
im{riementation  of  both  detection  systems  and  target  materials.  Apart  from  this  explicit 
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iinding  there  was  available  to  me  simply  for  the  asidrtg  consulting  aid  from  accountants, 
namiihcturing  engineers,  attorneys,  marketing  managers,  business  planning  and  promotion 
otperts,  scientists,  company  librarians  and  outside  consultants  already  retained  by  the 
;ompany.  The  efficiency  was  phenomenal;  I  only  took  their  time  when  they  were  helpful, 
md  they  appreciated  having  a  listener  who  valued  their  suggestions. 

There  were  some  paradoxical  features  in  this  situation.  By  having  no  one  report  to  me 
;  became  exceptionally  free.  By  walking  away  from  my  expertise  as  a  scientist  I  became  a 
imited  kind  of  generalist,  focussed  on  a  cluster  of  needs  and  a  cluster  of  potential 
echnological  solutions.  By  being  willing  to  use  any  tedinology  to  fit  tangible  customer  needs 
[  was  able  to  evaluate  even  those  technologies  which  I  already  knew  in  terms  of  meeting 
hese  needs  better  than  ones  new  to  me.  And  by  giving  up  my  limited  power  as  a  manager 
!  had  become  broadly  empowered  to  follow  wherever  my  business  aims  would  lead.  I  have 
een  this  power  of  commitment  since  in  many  other  people,  even  in  organizations  not  so 
lospitable  to  innovation  as  3M. 

In  summary,  I  had  left  a  position  in  which  craftsmanship  was  the  key  measure.  I  had 
mtered  an  area  where  results  measured  by  someone  eise’s  criteria— like  sales  growth  and 
>rofit  margins— were  all  that  mattered.  A  workmanlike  failure  was  no  better  than  any  other 
ailure,  and  a  lucky  win  was  as  good  as  any  other  win  of  the  same  magnitude.  This  value 
ystem  change  lay  at  the  heart  of  the  cultural  changes  I  encountered;  and  I  emphasize  this 
o  show  some  of  the  things  which  those  who  follow  materials  research  into  full 
;ommercialization  must  face.  Perhaps  someone  present  here  may  undertake  such  as 
issignment  to  improve  the  probability  of  commercial  success  of  his/her  practical  ideas  in 
he  topic  focus  of  this  conference. 

)evelopmeot  of  the  Business 

The  happy  stage  of  learning  and  freedom  gradually  came  to  an  end.  I  began  to 
mderstand  bener  the  details  of  the  technologies:  their  costs,  their  safety  concerns,  their 
ifScacy  difficulties  when  used  in  practical  detection  geometries,  and  their  patent  problems, 
rhis  left  fewer  alternatives  from  which  to  select.  I  was  originally  prepared  to  shift  market 
argets  significantly  to  suit  technical  limitations  or  strengths.  If  satis&ctory  targets  had  turned 
lut  to  be  a  little  too  costly  but  capable  of  several  distinguishable  signals,  there  could  be  non- 
ecurity  markets  in  automatic  sortation  or  vehicle  monitoring.  These  choices  were  not 
upponed  in  our  technology  smdies  then,  but  this  kind  of  expansive  thinking  laid  the  basis 
or  product  line  expansion  after  initial  commerdalizatioa 

Of  all  the  security  market  segments  for  this  kind  of  product,  the  value  to  customers  was 
learly  greatest  in  library  book  detection.  Librarians  valued  the  usage  of  books  by  patrons 
ighly*,  and  about  ten  percent  of  the  collection  accounted  for  most  of  the  usage.  A  three 
•ercent  annual  loss  to  theft— usually  most  desired  books— could  thus  reduce  the  utility  of  the 
brary  by  nearly  a  third.  Furthermore,  unlike  merchants,  librarians  routinely  would  spend 
great  deal  of  time  and  money  with  each  new  acquired  book  to  identify  it  and  establish 
ecords  for  its  future  handling.  Target  cost  and  processing  time  were  not  excessive  by  this 
leasure,  and  circulation  of  each  book  extended  the  value  of  the  targets  through  repeated 
se.  Most  important  in  narrowing  down  our  technology  choice  was  the  limiting  characteristic 
f  one  effective  and  economic  technology  which  required  a  thin  seven  inch  long  target  strip, 
liis  would  be  difficult  to  affix  on  varied  retail  merchandise;  but  with  existing  3M  adhesive 
■chnology  it  could  readily  be  concealed  in  both  books  and  magazines.  This  singular  feature 
1  a  proprietary  technology  led  us  to  select  the  library  market  and  the  hysteresis  loop 
schnology  for  our  venture;  and  the  various  patents  to  which  we  owned  rights  could  be 
efined  to  cover  what  we  would  sell  while  not  infringing  patents  of  others. 

Progress  toward  this  defined  ot^ecdve  tended  to  reduce  the  freedom  to  look  broadly 
lentioTOd  above.  Before  my  first  year  ended,  it  became  dear  that  electronic  engineering 


was  a  critical  skill  for  actually  designing  and  manufacturing  the  detection  and  'Signal  analysis 
circuitry  required.  I  obtained  the  loan  of  a  capable  person  with  these  Rlrflk,  Don  Wright; 
within  a  few  weeks  he  was  clearly  my  partner  and,  when  it  came  to  patent  application  filing, 
co-inventor.  By  then  I  had  realized  how  much  of  the  progress  had  been  due  to  others.  With 
Don  I  found  that  even  the  management  of  our  success  was  as  much  his  doing  as  mine.  New 
people  added  in  full  time  pursuit  of  our  development  tended  to  demonstrate  two  assets 
which  Don  first  showed  me:  an  independent  commitment  to  the  business  goal  and  occasions 
in  which  they  were  individually  indispensable  to  project  success.  No  more  was  I  the  sole 
focus.  Like  Don,  these  people  were  selectively  skilled;  and  adding  them  increased  the 
breadth  of  capability  as  well  as  the  number  of  people  to  handle  the  rising  work  load. 
Although  a  great  deal  of  the  work  was  still  contracted  to  others,  the  small  nucleus  of 
dedicated  people  of  necessity  had  to  grow  beyond  my  personal  span  of  control  or  credit 

After  the  first  patent  application  had  been  filed,  we  were  free  to  be  more  specific  in 
market  research  calls.  The  cultural  interfaces  with  library  personnel  were  varied  and 
important  The  nature  of  this  product  was  to  affect  the  key  operation  of  the  library  with  its 
patrons;  the  checking  out  process.  Furthermore,  both  the  geometry  of  the  circulation  counter 
and  the  building  exit  control  paths  usually  were  changed.  The  internal  hierarchical  relations 
between  circulation  and  reference  librarians,  building  engineers  and  library  directors  forced 
us  to  learn  their  culmre  and  essentially  to  gain  acceptance  at  every  level. 

Before  our  prototype  detection  system  was  completed  we  had  developed  the  information 
for  a  business  plan;  for  we  had  detailed  statistics  on  the  library  market  subdivided  by  library 
type  and  size.  We  even  had  customer  prospect  lists,  based  on  our  interviews,  which  included 
libraries  waiting  only  for  a  capital  authorization  to  be  approved  to  be  able  to  purchase  a 
system.  Our  funding  thereafter  depended  on  a  budget  authorized  on  the  basis  of  our 
projected  sales  and  costs.  Our  first  year  unit  forecast  of  sales  was  slightly  under  actual 
performance,  and  the  anticipated  produa  mix  between  targets  and  hardware  also  turned  out 
to  be  conservatively  stated.  Sales  and  profits  continued  to  increase  faster  than  projected,  a 
very  fortunate  situation  when  presenting  the  budget  request  for  following  years. 

The  business  grew  quickly  because  we  had  the  technology  of  choice  with  an 
advantageous  price  in  a  time  when  our  customers  had  money.  In  1972  our  sales  exceeded 
one  million  dollars  and  the  business  became  profitable.  In  the  following  spring  I  looked 
better  than  I  ever  did  before  or  since,  at  an  instant  when  the  General  Manager’s  position 
became  vacant  in  the  New  Business  Ventures  Division.  Luck  leads  to  luck  and  I  got  the  job. 

Managing  the  New  Business  Ventures  Division 

My  promotion  was  almost  a  complete  discontinuity.  As  a  venture  manager  I  had  evolved 
a  team  of  subordinates  to  whom  almost  every  recurring  task  could  be  automatically 
delegated.  Furthermore,  I  had  learned  slowly  but  thoroughly  all  about  our  market,  our 
capabilities,  the  pitfalls  and  the  opportunities  to  consider  in  decisions.  On  a  Friday  I  learned 
that  my  new  job  would  start  on  Monday;  and  no  successor  was  named  for  me  until  several 
weeks  later.  For  the  first  few  months  in  the  new  job,  however,  I  was  so  consciously  over  my 
head  that  my  mouth  was  constantly  dry.  I  started  with  a  full  in-basket  and  a  temporary 
secretary,  with  a  stockpile  of  new  materials  for  which  decisions  were  pending. 

After  the  first  trauma,  I  began  to  evolve  explicit  guidelines  for  managing  other  ventures 
and  their  managers  as  well  as  to  learn  how  to  comport  myself  in  the  executive  stratum.  At 
the  outset,  there  was  little  I  could  do  with  the  existing  ventures.  My  new  subordinates  had 
previously  been  my  peers  or  seniors;  they  understood  their  businesses,  and  I  was  ignorant 
of  them.  Their  current  operations  were  set  and  approved  in  budgets;  so  my  first  priority  was 
to  learn  enough  to  evaluate  their  directions  and  the  direction-setting  process  for  the  division. 
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Dnctions 

The  objective  of  each  corporate  venture  at  the  outset  had  been  to  build  a  new, 
proprietary  business  with  large  margins  and  potential  to  reach  tens  of  millions  of  dollars  in 
sales.  The  enabling  freedom  which  I  had  enjoyed  appeared  to  be  a  good  model,  wherein  the 
ultimate  direction  had  been  allowed  to  evolve  as  understanding  of  the  circumstances  grew. 
The  process  seemed  to  be  a  sequence; 

—Identification  of  ideas,  opportunities,  constraints 

—Ranking  of  candidate  ventures  and  their  prospects 

—Validation  of  product,  customer,  feasibility,  timeliness 

—Focus  and  commitment:  development  and  implementation 

—Identification  of  derivative  businesses;  exit  strategy. 

In  fact,  this  was  an  iterative  process  rather  than  a  sequential  one.  After  proceeding  through 
all  the  steps  at  one  level  of  commitment,  new  insights  led  to  reexamining  the  whole 
sequences  before  a  higher  level  of  dollar  commitment  could  be  made.  It  was  similarly 
preferable  that  the  venture  manager  delay  full  commitment  to  an  early  version  of  his 
business  plan. 

Venture  Processes 

There  are  other  characteristics  which  distinguish  venture  unit  management  from 
established  operating  unit  management.  These  differences  tended  to  diminish  as  a  venture 
became  profitable  and  hence  became  qualified  to  leave  the  venture  division. 

-Learning  was  the  paramotmt  intermediate  goal,  for  at  the  outset  of  a  new  business 
ignorance  is  honorable  if  recognized. 

—Operating  procedures  are  tailored  to  the  particular  business  and  to  the  stage  of  its 
development 

—Commitments  are  made  or  changed  while  uncertainty  is  high,  and  budget  needs  rise 
or  M  suddenly. 

—Structure  and  governance  are  correspondingly  flexible,  and  freedom  of  managers  varies 
with  time  and  circumstance. 

Controis 

Direct  management,  through  informing  and  discussions,  helps  keep  visions  current  and 
obstacles  visible.  In  addition,  some  built-in  controls  are  especially  needed  because  of  the 
corporate  risks  involved  in  malring  mistakes  with  new  areas  of  business: 

Financial  controls  (such  as  budgets,  selective  signature  authority)  can  be  used  to  bring 
problems  to  light  through  prompt  information  reports  on  performance  against  forecast, 
cumulative  expenditures  and  invoiced  sales. 

Management  support  for  regulatory  compliance  must  be  strong  and  unambiguous,  and 
coupled  with  stafi  assistance  to  acquaint  all  venture  division  people  with  elements  of  safety 
and  legality  as  well  as  government  agency  rules  (OSHA,  ££0,  TSCA,  etc.). 

Ddegatian 

The  constant  change  associated  with  increased  understanding,  varying  outside  influences 
and  addition  of  persoimel  makes  conventional  delegation  of  authority  very  difScult  In  fact, 
for  the  earliest  stages  of  venture  identification  the  best  kind  of  delegation  is  relatively 
undefined  and  limited  to  specific  tasks  or  inconsequential  dollar  exposure.  One  might 
designate  these  "training  delegations",  which  are  illustrated  below: 
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Type 

Simulated 

Erratic 

Conflictmg 

Implied 


Order 

"Check  with  me  first" 

"I  didn’t  want  that  done 
"I  asked  Jack  to  finish  up” 
Tlease  handle" 


Communication 

Testing 

Correction 

Dissatisfaction 

Trust 


These  techniques  are  used  unconsciously  by  many  venture  managers  on  their  subordinates; 
their  continued  use  of  these  is  a  possible  danger  signaL 

In  the  first  search  or  market  research  more  trust-based  delegation  can  be  practiced,  so 
long  as  there  is  some  follow-up  to  determine  if  responsibility  is  well  handled.  Performance 
here  is  a  measure  of  both  the  subordinate’s  capability  and  the  clarity  of  the  objective  as 
stated. 

Conditional  delegation  is  preferable*  to  blanket  authorizations  as  a  business  takes  form. 
A  da«igal  example  is  in  the  military  "Rules  of  Engagement",  where  a  delegated  authority 
to  act  quickly  is  automatic  if  and  only  if  a  certain  set  of  conditions  are  met.  Examples  are 
authorizations  to  sign  purchase  requisitions  to  implement  an  approved  expenditure  for 
materials  or  work,  or  to  extend  credit  to  customers. 

These  Rules  of  Engagement  in  aggregate  evolve  into  Policy.  If  a  venture  is  well 
managed,  its  policy  will  be  founded  on  the  I^y  Factors  of  Success  in  the  particuiar  industry 
in  which  the  venture  operates,  the  style  and  culture  of  the  particular  venture  management, 
and  the  general  regulations  of  the  corporation-  Such  a  policy  will  allow  coherent,  broad  and 
dear  delegation,  a  vital  need  in  a  growing  organization.  Furthermore,  basic  policy 
statements  in  simple  language  can  aid  many  aspects  of  the  business  besides  delegation: 
hiring  and  new  employee  training,  advertising,  communications  with  top  management,  etc. 


Corporate  Afotivation  for  Ventures 

A  frequently  stated  motivation  for  starting  a  venture  group  is  to  create  new,  large 
proprietary  businesses.  It  is  true  that  one  big  winner  makes  up  for  all  the  costs  of  many 
disappointing  ideas,  and  the  yield  from  such  units  is  relatively  small  in  terms  of  number  of 
hits  per  try. 

The  ultimate  benefit  to  a  corporation  from  having  had  a  venture  unit,  however,  may 
well  be  the  creation,  if  only  briefly,  of  an  environment  in  which  proprietary  capability  can 
be  tailored  to  form  a  product  which  meets  the  needs  of  real  customers.  These  customers, 
if  they  can  be  identified,  represent  many  potential  markets  for  variants  of  the  base 
capability.  A  venture  unit  mechanism  is  particularly  appropriate  for  technology-based 
capability,  for  the  proprietary  coverage  of  a  patent  lasts  long  enough  to  cover  large 
undiscovered  market  opportunities  which  may  only  appear  later.  Although  operating 
companies  may  also  serve  this  purpose,  the  venture  unit  has  the  advantage  of  being  a 
relativeiy  minor  element  in  the  corporate  power  structure— and  consequently  easily  disposed 
of  when  no  longer  needed. 

Entrepreneurial  skill  has  been  called  the  last  holistic  business  specialty.  Venture  units 
tend  to  btuld  people  with  wide,  entrepreneurial  experience  who  may  thereafter  be  used 
elsewhere  in  the  corporation.  Because  this  broad  experience  of  venture  participants  occurs 
in  the  environment  of  their  employer,  it  is  selectively  appropriate  to  that  corporation’s 
operation. 
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The  group  discussing  management  and  the  conference  participants  did  not  come  to  any 
igreed  conclusions.  As  seen  in  the  discussions  above,  there  was  general  agreement  on  good 
practices  and  a  recognition  that  innovation  management  was  done  well  in  both  American 
ind  Japanese  contexts.  Rather  than  management  per  re,  it  seemed  to  be  other  cultural 
'ariables  that  affected  results.  Amongst  others,  there  is  the  differing  view  of  the  science- 
ingineerixig  nexus  discussed  elsewhere  in  this  report.  There  is  the  attention  to  the  literature 
ind  stronger  technological  interactions  within  a  specialty  and  less  interactions  outside  a 
pedalty  on  the  American  scene.  There  is  a  much  greater  networking  between  disparate 
slements  in  the  sodo-technical  system  in  Japan  with  a  resulting  increase  in  feedback  loops 
eading  to  the  recognition  of  needs  and  opportunities.  Perhaps  it  is  inevitable  that  the 
apanese  are  more  effective  at  incremental  innovations  while  Americans  at  all  levels  are 
aore  entranced  with  breakthroughs. 


COMMENTARIES 


Several  partidpaiits  prepared  and  presented  commentaries  based 
on  discussions  at  the  conference.  Those  are  collected  in  this  section  along  with 
a  brief  collation  of  conference  discussions  based  on  notes  taken  at  the 
conference  and  transcriptions  of  the  formal  conference  interactions.  A  very 
concise  presentation  is  thought  appropriate  since  most  of  the  content  appears 
in  the  general  presentation,  focussed  discussions  and  individual  commentaries. 
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SMITHSONIAN  HORIZONS 


Robert  McC  Adacus,  Secretary,  Smithsonian  Institution 


Ai^one  who  shops  for  items  like  electronics,  cameras  or  toys  is  aware  of  how  dependent 
on  foreign  manufacturers  we  have  become  for  new  consumer  ideas.  American  prowess  in 
basic  scientific  discoveries  notwithstanding,  economic  studies  have  provided  convincing 
evidence  that  our  declining  competitiveness  in  international  markets  is  at  least  partly 
attributable  to  a  lagging  rate  of  innovation  with  new  products.  Why  is  this  so?  What  can  be 
done  about  it? 

The  usual  academic  answers  to  these  questions  marshal  statistics  to  contrast  American 
with,  say,  Japanese  industrial  performance.  But  lacking  the  vividness  of  immediate  experience, 
they  are  for  the  most  pan  not  very  helpful  as  guides  for  particular  firms  or  even  industries. 

In  December,  at  the  University  of  Arizona,  I  had  the  pleasure  of  participating  in  a 
conference  that  took  a  different,  more  illuminating  approach.  It  examined  innovation 
processes  in  American  and  Japanese  industries  by  focusing  on  three  types  of  advanced 
materials  that  are  still  in  an  early  stage  of  commerdal  development.  Made  most  familiar  to 
us  by  the  media  are  high-temperature  oxide  superconductors,  but  silicon  nitride  structural 
ceramics  (used  in  some  car  engines)  and  synthetic  diamonds  produced  at  low  temperatures 
are  also  finally  on  the  threshold  of  significant  commerdal  e:q>loitation-with,  in  each  case,  the 
Japanese  well  in  the  lead. 

All  are  materials  of  high  commerdal  potential  All  are  the  results  of  sdentific  research 
extending  over  generations,  although  it  may  have  periodically  shifted  in  direction  or  Iain 
dormant  for  a  while.  Also  over  many  years,  all  have  required  massive,  risky  investment  to 
identify  marketable  uses  and  to  develop  reliable,  less  costly  production  processes.  It  is  in 
these  latter  stages  that  American  firms  have  generally  abandoned  the  chase. 

Participants  at  the  conference,  convened  by  materials  sdentist  W.  David  Kingery,  included 
mostly  Japaneu  and  American  sdentists  and  engineers  who  have  played  leading  roles  in  basic 
or  applied  research  on  one  or  more  of  these  technologically  demanding  substances.  Most 
knew  one  another's  work  well  and  there  had  been  a  surprising  (to  me)  degree  of  direa 
contact  in  one  another's  laboratories.  Further  enriching  the  mix  was  a  sprinkling  of  generalists 
in  science  policy  or  organization  theory,  and  of  anthropologists  like  myself  with  a  presumed 
sensitivity  to  the  social  and  cultural  context  of  innovation. 

These  contextual  faaors  are  in  many  ways  the  most  elusive,  dynamic  and  difficult  to  deal 
with.  Our  higher  cost  of  capital  and  in^ility  to  sustain  long-term  development  without  firm 
assurance  of  an  existing  market  have  been  widely  noted.  Less  often  taken  into  account  is  the 
way  in  which  U.S.  Government  needs  (particularly  those  of  the  defense  establishment)  have 
turned  corporate  efibn  and  the  stream  of  talent  recruitment  toward  developing  high- 
performance  materials  rather  than  reducing  costs.  Further  contributing  to  Japanese 
mmmerdal  success  have  been  much  larger  investments  in  industrial  laboratory  instrumenta¬ 
tion  and  in  process  and  production  engineering.  More  uncertain  is  the  effect  of  a  closer 
integration  of  the  Japanese  scientific  and  engineering  communities,  and  even  of  their 
priorities,  although  this  may  be  disputed. 

The  problem  is  that  contextual  factors  are,  precisely,  those  most  deeply  embedded  in  the 
arger  sodai  order  and  hence  the  most  difficult  to  alter.  This  applies  to  the  Japanese  no  less 
than  to  ourselves.  One  can  only  speculate  whether  the  traditional  stability  of  their  corporate 
streets  can  be  retained  as  rising  incomes  give  new  salience  to  quality-of-life  issues.  Or  again. 
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can  the  heavy  reliance  on  the  Japanese  &niily  as  the  guiding  metaphor  for  corporate 
organization  retain  its  force  when  the  virtual  exclusion  of  women  from  scientific  and 
managerial  careers  leads  to  increasing  tension? 

Prominent  among  the  factors  accounting  for  superior  Japanese  competitive  performance 
is  an  organizational  approach  strikingly  different  from  its  counterpan  here.  The  basic  units 
in  Japanese  laboratories,  and  even  on  production  lines,  are  cooperative  work  groups.  Ranging 
widely  across  related  disciplines,  these  groups  typically  include  craftsmen  and  technicians  as 
well  as  senior  scientists  and  engineers.  There  is  a  consistent  emphasis  on  consensus-seeking; 
on  the  matring  of  decisions  by  those  as  close  as  possible  to  the  point  at  which  they  must  be 
inqjlemented;  and  on  the  opening  of  ehannftls  of  communication  at  all  levels.  Individual 
workers  are  given  every  opportunity  to  attain  their  full  potential  by  being  cross-trained  in  a 
variety  of  skills,  rather  than  being  forced  into  routine  assignments  in  which  they  are  essentially 
viewed  as  ejqwndable  parts  of  a  machine. 

The  result,  clearly,  is  a  deeply  felt  attimde  of  mutual  respect  and  loyalty  that  results  in 
consistently  superior  responsiveness,  accountability  and  performance.  The  lesson  is,  as  one 
conference  participant  observed,  that  "people  make  a  difference.”  That  lesson  is  as 
disarmingly  elementary  as  it  is  universaL 

[Reprinted  from  the  Smithsonian  Magazine,  February,  1991] 
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CULTURAL  INFLUENCES  ON  TECHNOLOGICAL  DEVELOPMENT  IN  THE  UNITED 
STATES  AND  JAPAN:  AN  ARCHAEOLOGISTS  MUSINGS 

Michael  Biian  Schiffer,  University  of  Arizona 


This  brief  paper  brin^  an  archaeological  perspective  to  discussions  about  the  cultural 
contexts  of  technology  in  the  and  Japan.  An  ardiaeological  framework  suggests  that 
emphasis  be  placed  on  (1)  concrete  activities,  (2)  long-term  processes  involving  structural 
relationships,  and  (3)  beh^oral  and  cultural  variation  within  societies.  Certain  issues  are 
identified  that  perhaps  can  be  addressed  more  fully  in  future  multi-cuitural  meetings. 

The  Concept  of  Cnltnre 

Anthropology’s  major  theoretical  contribution  to  the  social  and  behavioral  sciences  (and 
beyond)  is  ±e  concept  of  culture.  The  F-ngHshman,  £.  B.  Tylor,  regarded  in  some  quarters 
as  the  father  of  anthropology,  furnished  the  first  modem  definition  of  culture  in  the  late 
nineteenth  century.  For  Tylor  and  most  other  early  anthropologists,  culture  referred  to  the 
lifeway  of  a  particular  society— its  characteristic  ways,  for  example,  of  obtaining  food, 
hiiilriing  houscs,  reckoning  settling  conflicts,  and  relating  to  the  supematuraL  This 
concept  of  culture,  which  explicitly  embraces  technology,  was  useful  as  long  as 
anthropologists  studied  mainly  small-scale,  reasonably  well  bounded  societies  such  as  the 
Andaman  Islanders,  Greexdand  Fsiritnn,  and  HopL  However,  when  anthropologists  began 
to  probe  more  complex,  differentiated  societies,  including  the  modem  U.Sn  additional 
definitions  were  needed.  Sudb  definitions  usually  confizie  culture  to  the  ideational  realm: 
a  group’s  worldview,  values,  and  attitudes,  or  rules  for  appropriate  behavior.  Moreover, 
culture  can  refer  to  ai^  analytically  distinguishable  aggregate  of  people.  Thus, 
anthropologists  now  discuss  the  odtnre  of  Afro-Americans,  of  yuppies,  of  IBM,  or  of  high- 
energy  physicists. 

An  appreciation  for  the  diverse  meanings  of  the  culture  concept  can  help  investigators 
to  frame  questions  about  "cultural"  influences  on  technological  developmenL  Obviously, 
traditional  definitions  still  have  an  inq>ortant  role  to  play.  For  example,  one  can  query,  How 
have  particular  circumstances  of  Japan’s  history  and  natural  resources  shaped  its 
technological  policy  and  priorities,  especially  in  recent  decades?  Ideational  definitions  of 
culture  can  alM  orient  investigations  of  culture-technology  relationships.  A  typical  question 
might  be.  Do  differem  corporate  cultures  in  the  U.S.  or  Japan  have  charaaeristic  styles  of 
tedmoiogical  research  and  development?  Similarly,  Are  contrasts  in  Japanese  and 
American  worldviews  reflected  in  the  way  the  two  nations  prioritize  technological  research? 
Although  diverse  concepts  of  culture  can  generate  productive  questions,  it  should  be  kept 
in  tniwrf  that  differem  questions  imply  differem  methods  of  investigation. 

An  Arehneoiogical  Perspective 

As  anthropologists,  American  archaeologists  also  employ  various  concepts  of  culture. 
In  addition,  for  many  archaeologists  another  important  concept  is  that  of  activity;  the  latter 
consists  of  patterned  interactions  between  energy  sources  (o^n  people)  and  artifiicts  (for 
elaboration  of  the  activity  connpt,  see  Sdiiffer  n.d.).  In  addition  to  their  material 
constituents  (people  and  things),  activities  also  have  social  organizations  (specifiable 
relationships  among  the  participants)  and  ideologies  (appropriate  attimdes,  beliefs,  and 
rationales),  and  tend  to  be  carried  out  repeatedly  in  the  same  places,  iht  goals  of  specific 
activities  are  (fivmse,  rangii^  from  creating  a  dimnond  transistor  to  propitiating  the  spirits 
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of  ancestors.  Regardless  of  whether  their  goals  are  mainly  technological,  social,  or  religious, 
activities  do  not  occur  in  isolation  but  are  linked  to  other  activities  by  movements  of  people 
and  artifacts.  In  addition,  activities  are  nested  within-and  crosscut-organizational  units 
such  as  hotuseholds,  clans,  villages,  palaces,  churches,  government  laboratories,  and 
corporations.  Qeariy,  different  research  problems  reqtiire  that  a  society’s  activities  be 
partitioned  analytical  in  different  ways.  For  example,  one  can  smdy  how  a  society’s 
patterns  of  settlement  across  a  landsc^  are  influenced  by  subsistence,  religious,  and 
technological  activities.  Similarly,  activities  such  as  technological  research  and  development 
(R  &  D)  can  be  examined  across  corporatioos,  industries,  or  even  nations. 

Artifacts  play  many  roles  in  activities,  from  the  mundane  storing  and  converting  of 
matter  and  energy  to  symbolizing  the  social  roles  of  participants;  artifacts  even  embody  a 
group’s  most  sacred  ideas.  Indeed,  the  uiajority  of  arti&cts  in  all  societies  have  both 
utilitarian  and  symbolic  functions;  and  the  very  same  artifact  may  have  different  functions 
in  different  activities  (on  the  functions  of  artifacts,  see  Rathje  and  Schiffer  1982;  Schiffer 
a.d.). 

The  activity  perspective  of  archaeology  calls  attention  to  the  complex  ways  in  which 
technology  is  embedded  in  human  societies.  An  appreciation  for  these  multidimensional 
relationships  may  help  us  to  formulate  fruithil  questions  about  the  cultural  context  of 
technology. 

In  addition  to  a  concern  with  concrete  activities,  an  archaeological  perspective  entails 
two  additional  components:  (1)  examination  of  long-term  processes  and  (2)  consideration 
of  cultural  and  behavioral  variability-in  the  present  case,  within  nations.  Archaeologists 
reconstruct  and  smdy  the  behavior  of  societies  over  spans  of  centuries,  even  millennia;  thus, 
archaeologists  take  a  long-term  view  of  change  processes  (Flog  1974).  We  are  especially  apt 
to  look  for  long-term  effects  of  demographic  and  natural-resource  variables  on  activiiy 
panems,  organization,  etc  These  kinds  of  effects  may  be  pervasive,  thoroughly  affecting 
even  worldviews,  yet  be  far  from  obvious  if  investigators  confine  their  observations  and 
analyses  to  just  one  point  in  time. 

Archaeologists  also  pay  considerable  attention  to  variability-differences  in  activities, 
artifacts,  organization,  and  ideational  phenomena  (Rathje  and  Schiffer  1982;  Thomas  1989). 
In  large  and  heterogeneous  nation-states  like  the  U.S.  and  Japan,  there  are  likely  to  be  wide 
and  perhaps  substantially  overlapping  ranges  in  the  specific  behaviors  of  interesL  For 
example,  in  both  nations  corporations  range  from  tiny  start-up  firms  to  enormous  multi¬ 
national  entities.  In  the  U.S.  and  Japan  one  also  finds  diversity  in  corporate  cultures,  even 
among  organizations  of  gmilar  size.  In  addition,  both  nations  engage  in  research  activities 
diat  run  the  gamut  from  the  most  esoteric  "pure  science"  to  the  most  mundane  projects  in 
applied  technology.  Qeariy,  though  ranges  of  behavior  may  be  similar  in  the  two  nations, 
modes  may  differ  substantially.  For  example,  in  research  activities,  Japan  does  far  less  and 
the  U.S.  far  more  "pure  science."  Such  descriptions  of  modes  or  norms,  which  may  be 
characterized  as  cultural  differences,  require  explanation.  We  must  seek  to  identify  and 
understand  the  long-term  processes  that  may  have  brought  about  the  differences  in  modal 
behavior. 

One  final  point  about  the  archaeologicai  perspective.  Though  archaeologists  have 
traditionally  studied  long-dead  societies,  more  recent  periods— including  the  present-day 
U.S.-have  come  within  the  disdpline’s  purview  (Rathje  1979;  Reid,  Schiffer,  and  Rathje 
1975).  Today,  archaeologists  even  smdy  recent  garbage  (Rathje  1989,  1990)  and  portable 
radios  (Schiffer  1991)!  In  effect,  archaeologists  focus  on  (and  seek  to  explain)  behavioral 
variability  over  time  and  space;  we  recognize  no  arbitrary  boundaries  on  our  subject  matter. 

Cultural  Differences  and  Technological  Innovation 

Eric  Poncelet's  fine  synthesis  alerts  us  to  many  differences  in  U.S.  and  Japanese  values, 
attimdes,  and  worldviews  (Le.,  culture  as  ideational  phenomena).  Although  these 
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diSerences  are  substantial,  one  nnist  avoid  turning  such  cultural  descriptions  into  stereotypes 
or  even  caricatures  and  invoking  them  mechanically  to  account  for  purported  differences  in 
R  &  D  activities  in  the  two  nations.  As  Biyan  P&iffenberger  pointed  out,  those  seeking  to 
explore  the  cultural  contexts  of  technology  must  be  wary  of  falling  into  the  trap  of  a 
dTTtp|j5tic  cultural  determinism.  Though  such  cultural  explanations  are  intellectually 
fashionable  today,  they  can  nonetheless  easily  become  a  stultifying  reducdonism. 

An  archaeological  perspective  forces  us  to  look  at  cultural  processes  over  time,  to 
recognize  values  anri  attitudes  are  not  constant  but  change  along  with  changes  in 
activity  patterns.  Let  us  some  long-term  processes  in  the  U.S.  and  Js^san  that  might 

be  relevant  for  studying  the  cultural  <''*w^^***  of  technological  invention  and  innovation. 

From  about  1900  to  about  1930,  U.S.  society  underwent  a  dramatic  transformation 
under  the  impact  of  factories  powered  by  electric  motors  and  new  mass  media  (general 
circulation  magarines,  movies,  and  radio).  America  became  the  world’s  first  industrial 
consumer  society  where  even  the  humblest  factory  worker  could  aspire  to  possess  the  same 
kinds  of  products  as  the  factory's  owner  (for  overviews  of  this  transformation,  see  F.  Allen 
1952;  Fox  and  Lears  1983;  MdBvaine  1984).  Growth  of  this  constuner  sodeiy  was 
facilitated  by  aHimriant  natural  resources  as  well  as  a  well  developed  infrastructure  of  rail 
transport  and  electricity  distribution  systems. 

Although  a  consumer  society  was  consistent  with  America’s  long-standing  commitment 
to  deTnf>craPc  values,  the  spend-and-consume  ethic  was  at  odds  with  other  traditional  values, 
deeply  held  among  middle  and  working  ela«es,  that  had  arisen  in  the  context  of  agrarian, 
non-urban  lifeways.  However,  under  the  tutelage  of  social  commentators  and  the  mass 
media,  Americans  began  to  move  away  from  (or  reinterpret)  values  of  thrift,  frugality, 
deferred  gratification,  and  sacrifice  for  family  a"d  community  (Horowitz  1985).  By  the  end 
of  the  twenties,  Americans  were  growing  believing  that  mass  consumption  was  good  for 
them  and  good  for  the  country,  and  was  as  much  their  right  as  the  franchise. 

During  the  first  half  of  the  twentieth  century,  consumers  developed  as  a  potent  political 
force  in  U.S.  society.  In  effect,  consumers  grachially  formed  the  latest  and  most  powerful 
interest  group  (thm  seemingiy  transcended  conflicts  between  labor  and  big  business). 
Legislation  for  the  "public  goo^  was  in  reality  legislation  in  support  of  mass  consumption, 
which  ostensibly  benefitted  both  producers  and  consumers.  Gradually,  however.  Congress 
an/f  a  of  admini^Tations  fashioned  a  framework  of  constraints  within  which 

mmpanies  engaged  in  product  development  and  manufacturing  had  to  operate.  For 
sxample,  beginning  at  the  turn  of  the  century,  the  ability  of  U.S.  business  to  form  huge 
iorizontally  and  vertically  integrated  corporate  entities  was  gradually  weakened,  because 
hese  orgasizatioiis  did  not  seem  to  operate  in  the  consumer's  interesL  Similariy,  after  the 
Second  World  War,  fr^trade  policies  opened  up  U.S.  borders  to  imports  from  around  the 
jlobc  (cf.  Office  of  Technology  Assessment  1983;  Vatter  1963);  unrestricted  trade  did  work 
:o  the  consumer's  advantage,  though  it  obviously  did  not  benefit  U.S.  firms  whose  products 
vere  displaced  in  the  marketplace  by  (usually  Reaper)  foreign  substitutes. 

In  ti»  mid-fifties,  the  U.&  consumer  society  squired  a  permanent  Pentagon  booster 
hanks  to  the  G)ld  War.  \filitary  spending  not  only  provided  a  "safe  haven"  for  companies 
iiing  of  fickle  consumers,  but  it  also  set  R  &  D  agendas  throughout  academia,  government 
abs,  and  industry  (d  Melman  1965, 1974). 

Japanese  industry  and  society  underwent  a  different  developmental  trajectory  under 
iifferent  circumstances  (on  Japan's  industrialization,  see,  e.g.,  G.  Allen  1958;  De  Mente  and 
’erry  1968;  Reischauer  and  Craig  1978;  Tsurumi  1976).  Japan  is  a  densely  populated  island 
ration  with  scant  natural  resources.  When  in  the  nineteenth  century  Japan  decisively 
tmbarked  on  a  course  toward  industrialization,  it  was  appreciated  that  to  pay  for  imports 
>f  raw  materials  and  machinery,  manu&ctured  goods  would  have  to  be  exported.  Thus, 
oncomitant  with  industrialization  came  an  export  imperative.  To  this  day,  every  Japanese 
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child  learns  in  school  that  the  nation  must  export  manufactured  goods  to  survive  (Bolling 
and  Bowies  1982:68). 

Following  the  Second  World  War,  while  the  U.S.  was  refining  a  consumerism  buttressed 
by  military  spending,  Japan  was  creating  an  advanced  producer  society.  Although  ostensibly 
a  constimtional  democracy,  Japan  in  hex  has  become  a  technocracy;  significant  economic 
and  technologicai  policy  is  forged  and  implemented  by  the  Ministiy  of  Finance  and  the 
Ministry  of  International  Trade  and  Industry  (John^n  1982).  The  latter  agency  in 
particuiar,  winch  maintains  close  ties  to  industry  tluough  the  movement  of  senior  tech^cal 
people,  sets  agendas  for  technological  development,  establishes  the  parameters  of 
competition  among  Japanese  firms,  regulates  the  import  of  technology,  and  protects 
Japanese  industry  firom  foreign  inerts.  In  Japan,  technological  policy  is,  in  &ct,  the  highest 
form  of  national  policy. 

With  this  organizational  structure  in  place,  Japan  has  created  a  framework  in  which 
manufacturing  firms,  many  conglomerated  into  huge  and  diversified  multinatioaal 
corporations  (lineal  descendants  of  ZedbatmX  have  thrived  making  products  for  export.  As 
has  become  obvious  in  recent  decades,  Japan’s  multinational  conglomerates  are  especially 
well  adapted  to  conditions  of  international  competition  (cf.  Davidson  1984;  Kotler  et  al. 
1985;  Ozawa  19‘/4).  For  example,  such  a  firm  can  easily  parcel  out  production  among  its 
foreign  subsidiaries  and  collaborators  to  take  advantage  of  low  labor  costs  in  virtually  any 
comer  of  the  globe,  and  can  also  sustain  losses  for  long  periods  while  slowly  capturing  a 
targeted  market.  Similariy,  these  companies  can  use  the  internal  Japanese  market-where 
goods  are  sold  at  high  prices— to  secure  some  cash  flow  while  the  same  p>roducts  (like  color 
TVs)  are  dumped  abit^  to  put  pressure  on  cos^titors  (Office  of  Technology  Assessment 
1983).  Qeariy,  Japan’s  "economic  miracle”  owes  much  to  these  instimtional  and 
organizational  forms. 

In  Japan’s  producer  society,  domestic  consumers  dearly  are  not  a  powerful  political 
force.  But  to  Japanese  companies  the  consumer  does  matter-espedally  the  foreign 
consumer.  Products  are  made  with  meticulous  concern  for  the  user;  that  is  why  Japanese 
firms  employ  so  many  researdiexs  (what  Americans  would  call  sdentists  and  engineers). 
This  researdi  is  carried  out  to  create  new  products  and  to  improve  old  ones,  seldom  to 
generate  abstract  science.  Japanese  firms  make  mai^  maAeting  innovations,  often 
successfully  defying  established  conventions  in  the  countries  where  they  do  business.  In  the 
U.S.,  for  example,  early  Japanese  transistor  radios  succeeded  so  well  in  part  because  they 
were  sold  in  myriad  retail  outlets,  such  as  hardware  stores  and  drug  stores,  that  had  never 
before  carried  an  electronic  product  (Baranson  1981;  Schiffer  1981).  (These  radios,  for  the 
most  part  not  tedmologic^  marvels,  were  also  assembled  with  cheap  labor  using 
components  built  with  equally  cheap  labor,  and  so  could  be  priced  well  below  comparable 
American  radios.) 

A  Simple  Model 

In  discussions  of  contemporaxy  differences  in  the  coltnral  contexts  of  American  and 
Japanese  technological  development,  one  must  not  lose  sight  of  those  historicaUy  and 
environmentally  based  cultural  factors.  Labeling  Japan  a  producer  society  and  the  U.S.  a 
consumer-militaxy  society  does  not  itself  explain  specific  technological  research  activities, 
but  these  significant  cultural  differences  may  help  us  to  understand  varying  modalities  in 
technological  invention  and  innovation  in  the  two  nations.  The  following  section  presents 
a  model  for  tracing  influences  of  these  large-scale  cultural  differences  on  R  &  D  activities. 

In  seeking  cultural  influences  on  technologicai  invention  and  innovation  in  the  U.S.  and 
Japan,  it  is  convenient  to  divide  up  the  developmem  process  into  three  stages:  (1)  choice 
of  problem,  (2)  basic  research,  and  (3)  search  for  applications.  In  the  following  section, 
hy^theses  about  cultural  influences  are  framed  with  respect  to  these  fundamental  stages. 
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□race  of  problem 

Most  organized  research  begins  with  explicit  formulation  of  a  problem.  In  the  choice 
3f  problem;  national  priorities  and  imperatives  as  well  as  institutional  and  organizational 
mructures  can  have  a  significant  influence.  In  the  U.S.,  a  scientific  bias  in  favor  of  abstraa 
mowledge  and  publication  may  influence  problem  choices  even  in  the  most  down-to-earth 
x)mpaziy.  In  contrast,  one  sees  in  Japan  that  problem  choice  is  nearly  always  made  with  an 
^e  tow^  practical  applications.  New  technologies  are  pursued  if  there  is  reason  to  believe 

they  can  iziqntTve  existing  products  or  lead  to  new  ones.  A  few  specific  hypotheses 
'ollow. 

I  begin  with  the  obvious:  in  the  U.S.,  much  technological  developmem  is  pushed  by 
nilitaiy  spending  and  priorities.  Thus,  not  only  do  military  needs  provide  ready-made 
:echnological  problems,  but  much  other  research-^xsrhaps  not  even  funded  by  the  military- 
s  undertaken  with  an  eye  toward  nhlitaiy  applications. 

In  both  nations,  accepted  scientific  theory  doubtless  plays  a  role  in  identifying  potentially 
jromising  problems.  However,  it  also  appears  that  theory  exerts  a  more  constraining 
nfiuence  in  the  U.S.  than  in  Japan.  Prediction^  from  theory,  both  correctly  and  incorrectly 
Irawn,  have  served  in  the  U.S.  to  close  off  prematurely  certain  research  avenues.  The  BCS 
heory,  for  example,  may  have  discouraged  researchers  from  pursuing  high  -  T. 
uperconductors,  just  as  thermodynamic  theory  (or  incorrect  implications  drawn  from  it) 
iissuaded  most  investigators  from  seeking  low-tenq)erature,  low-pressure  regimes  for  making 
yntbetic  diamonds.  Nonetheless,  in  die  former  case  IBM  and  in  the  latter  John  Angus- 
)oth  of  the  U.S.>-undertook  pioneering  research  in  the  new  technologies,  theory 
lotwithstanding.  These  exan^les  seem  to  suggest  that  because  of  the  great  size  and 
iiversiiy  of  researdi  efforts  in  the  U.Sn  there  will  ahv^  be  some  firms  and  individuals 
rilling  to  choose  problems  seemingly  beyond  the  fringe  of  feasibility. 

In  the  United  States,  the  choice  of  problem  is  also  sometimes  ixdluenced  by  the  desire 
0  create  a  result  that  serves  mostly  for  technological  display:  it  is  valued  more  for  its 
yxnbolic  fimction  than  its  practical  utility.  U.S.  firms  seentingly  are  more  apt  to  create  a 
trodua  or  process  that  has  obvious  newsworthiness,  which  can  serve  to  attraa  investors  and 
polish  the  compai^s  image  before  consumers.  The  result  is  fiash-m-tbe>pan  projects  that, 
inally,  lead  noudiere<--lDce  gas  turbine  engines  for  automobiles.  In  Japan,  ^th  is  put  in 
leveloping  a  promising  technology,  often  beginning  with  something  very  modest  or 
uunda^  like  a  pocket  transistor  radio  or  a  silicon  nitride  glow  pltig.  The  goal  is  to 
ccumulate  technological  know-how  that  can  be  applied  gradually  to  more  complex  products, 
uch  modest  products  are  sometimes  at  the  beginning  of  important  technological 
rajectories,  su<±  as  consumer  microelectronics,  that  build  up  considerable  momentum. 

In  offering  hypotheses  about  cultural  effects  on  the  choice  of  problem,  it  is  important 
3  keep  in  mind  that  the  enormous  diversity  in  the  instimtional  base  for  conducting 
ichnological  research  in  both  the  U.S.  and  Japan  (e.g.,  small  and  large  firms;  stan-up  and 
stablished  firms;  poor  and  wealthy  firms;  government  and  university  laboratories; 
idependent  inventors)  perhaps  guarantees  a  comparable  diversify  in  selecting  problems, 
imdariy,  technologies  in  various  stages  of  development  may  also  give  rise  to  different  kinds 
f  resemeh  problem,  and  in  both  the  U.S.  and  Japan,  research  is  carried  out  on  technologies 
Mnning  the  entire  range  of  maturity.  Future  research  should  strive  to  son  out  the 
tfluence  of  these  foctors  on  problem  dioice. 

For  example,  in  Japan  as  compared  to  the  United  States,  a  greater  percentage  of 
tchnologicai  research  is  carried  out  in  corporate  contexts.  Could  this  faaor  account  for 
ominance  of  a  practical  orientation  in  so  much  of  Japan’s  research?  Of  course,  that  still 
‘fleets  a  higher-order  influence  of  culture,  in  that  in  Japan-the  consummate  producer 
)defy~technological  research  efforts  are  disproportionately  concentrated  in  organizations 
ron^  focused  by  the  export  imperative.  The  need  to  compete  in  the  world  marketplace 
ones  researdi  dioices  in  tl»  direction  of  more  practical  technologies. 
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Basic  Raearch 

After  problems  are  chosexi,  often  by  managers,  they  are  taken  up  by  researchers- 
sdentists  and  engineers  in  the  U.S.  My  impression  is  that  cultural  differences  at  the 
national  level  have  little  effect  on  concrete  research  activities.  This  is  so  because  the 
cultures  of  science  and  engineering  cross-cut  nations.  If  anything,  cultural  differences 
between  disdplines  or  subdisdpliiies  are  likely  to  be  much  more  profound  than  international 
differences  (controlling  for  the  institutional  basis  of  the  research,  stage  of  the  technology, 
and  level  of  support  for  the  research).  The  easy  movement  of  individuals  from  country  to 
country,  international  journals  and  conferences,  comparable  laboratory  equipment,  the 
universaiity  of  organization,  shared  worldviews  and  work  habits,  and  general  adherence 

to  sdentiff  c  niathrvtt,  lead  to  an  nmigiial  degree  of  uniformity  in  research  activities,  wherever 
they  are  found.  Any  differences  in  research  styles  probably  result  from  differences  in 
institutional  bases,  stages  of  technology,  or  personalities  of  team  leaders  or  partidpants. 

Search  for  Applications 

Important  cultural  differences,  reflecting  different  national  priorities,  are  likely  to  re- 
emerge  at  the  applications  stage.  Although  much  U.S.  technological  research  is  of  a  very 
high  quality,  it  has  no  immediate  practical  applications.  SDI  research,  for  example,  may 
le^  to  weapons  having  important  symbolic  functions,  but  the  sole  purchaser  of  these 
systems  would  be  the  U.S.  govemmenL  It  is  difBcult  to  envision  new  industries  arising  on 
the  basis  of  SDI  technology  to  rnaicg  consumer  products  for  the  world  marketplace.  In 
Japan,  in  contrast,  one  might  expect  diligent  efforts  to  find  new  applications  for  the  results 
of  all  technological  research  undertaken. 

Because  the  exact  course  of  a  technology’s  development  cannot  be  prediaed,  and 
because  most  of  a  technology's  ultimate  applications  cannot  be  foreseen  when  development 
begins,  the  relentless  search  for  appiications-"solutions  in  search  of  problems"-takes  on 
paramount  importance  and  is  subjea  to  many  levels  of  cultural  influence. 

Again,  I  stKss  that  different  mixes  of  instimtional  contexts  in  the  U.S.  and  Japan  for 
commerdalisng  technological  research  may  be  the  most  visible  effect  of  national 
differences.  In  both  nations,  there  is  an  enormous  capadty  to  bring  new  products  quickly 
to  markeL  However,  products  that  initially  fail  in  the  marketplace  may  require  sever^ 
generations  of  redesign,  sometiines  over  dec^es,  until  they  succeed.  Wealthy  mtiltinational 
firms  (whatever  their  nationality)  can  indulge  their  faith  that  a  particular  produa  eventually 
will  find  a  large  market  by  investing  in  R  &  D  heavily  over  the  long  hauL  Obviously,  an 
undercapitalized  start-up  company  seldom  has  this  luxury.  In  the  U.S.,  many  important 
products  appear  initially  in  firms  that  cannot  sustain  drawn-out  periods  of  development;  if 
the  product  fails  at  first,  the  compaxiy  may  give  up,  losing  it  to  more  able  competitors  (at 
home  and  abroad). 

In  Japan,  it  seems  that  much  new  product  development  takes  place  in  larger  firms 
capable  of  maintaining  a  long-term  commitmenL  Intuitional  contexts  patently  affect 
invention  and  innovation  at  the  application  stage,  and  the  mix  of  these  contexts  may  reflect 
the  influence  of  cultural  factors  at  a  national  scale. 

Concluding  Remarks 

Introduction  of  the  anthropological  concept  of  culture  to  discussions  of  intemationaJ 
differences  in  technological  invention  and  innovation  can  stixnulate  much  ffuitful  discussion 
and  debate.  Technological  research  and  development  do  not  take  place  in  a  vacuum, 
propelled  only  by  internal  drives.  Rather,  most  researchers  work  in  instimtional  settings 
that,  themselves,  are  nested  within  systems  of  overarching  constraints  and  incentives  that 
reflea  national  priorities  and  imperatives.  These  contexts  are  cultural,  brought  into 
existence  by  specific  historical  processes  taking  place  in  specific  natural  environments. 
Geariy,  explai^g  imemational  differences  in  invention  and  innovation  requires  us  to  take 
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}  account  these  differences  in  cultural  contexts.  Nevertheless,  however  attractive  cultural 
tlanasions  are,  we  must  avoid  &Uing  into  the  trap  of  a  naive  cultural  reductionism.  There 
imply  too  much  cultural  and  behavioral  variability  in  present-day  nation  states  to  permit 
h  unicausal,  unidimensional  explaxiations.  That  is  why  a  long-term  perspective  is  so 
pful;  its  lessons  can  help  us  to  winnow  out  explanations  based  exclusively  on  shallow 
leralizations  about  contemporary  phenomena. 
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STRAINS  IN  THE  AMERICAN  INDUSTRY-SCIENCE-EDUCATION  TRIAD 


Robert  McC  Adams,  Secretary,  Smithsonian  Institution 


In  the  £ace  of  intensifymg  competitive  pressure  from  our  international  trading  parmers, 
basic  features  of  the  American  industrial  sy^m  are  coming  under  increasingly  criti(^  scruti¬ 
ny.  I  cannot  independently  confirm  the  respective  strengths  and  weaknesses  to  which  critics 
have  alluded  in  this  system,  except  to  note  that  something  approaching  a  consensus  will  be 
found  in  numerous  publications  -  and  receives  further  amplification  in  the  proceedings  of 
this  conference.  But  it  may  be  useful  to  step  back  from  the  specificity  of  most  of  the 
present  diagnoses  of  illnes.s,  and  to  sketch  more  broadly  its  historical  context  To  be  sure, 
no  easy  solutions  emerge  from  doing  se.  Instead,  taking  a. longer  view  tends  to  magnify  the 
challenges  we  &ce,  by  suggesting  that  problems  approached  in  terms  of  their  recent  seaoral 
impacts  in  fact  have  much  deeper  roots  and  wider  insdmtional  entanglements.  But  we 
ignore  historical  patterning  at  our  ultimate  cost,  even  where  the  chosen  topic  of  our 
discussions  has  the  immediacy  of  the  creative  act  of  innovation. 

Salient  features  of  otir  present  condition  provide  a  usefiil  starting  poinL  While 
spedalists  obviously  differ  on  details,  something  like  the  following  assessment  seems  to  have 
wide  support: 

Granting  that  there  is  a  great  deal  of  fizm-by-fizm  azxd  industry-by-industry  variation,  this 
country  has  tended  to  rely  on  outdated  industri^  strategies  that  overemphasize  mass  produc¬ 
tion  of  standard  commodities.  Other  obsolescent  features  include  a  slowness  to  adopt  or 
adapt  to  such  significant  production  innovations  emerging  abroad  as  ”just-in-time  producrion" 
and  "quality  drdes";  an  inattention  to  the  need  for  more  intensive  and  sustained  workforce 
training;  and  a  pronounced  hesitant  about  seeking  greater  workforce  coizunitment  through 
a  wider  delegation  of  production-line  decisions.  Driven  by  an  external  economic 
environment  that  imposes  shrinking  time-horizons  and  a  growing  preoccupation  with  shon- 
term  profits,  we  have  been  repeatedly  outperformed  in  the  design  and  manufacture  of  reli¬ 
able,  high-quality  products  (Cohen  a^  Zysman  1988,  Berger  et  aL  1989,  MIT  Commission 
on  Industrial  Productivity  1989).  Most  critically  mining  has  been  an  emphasis  on  enhanced 
flexibility, 

a  firm’s  ability  to  vary  what  it  produces....  This  notion  is  captured  in  the 
distinction  between  economies  of  scale  and  economies  of  scope....  Economies 
of  scope  are  created  by  standardizing  processes  to  manufacture  a  variety  of 
products...  The  capability  to  change  quickly  in  response  to  produa  or 
pnoduction  technol^  •  to  put  ideas  into  action  quickly  -  is  the  central 
notion  (Cohen  &  Zysman,  112-113). 

Granting  the  heroic  overcompression  that  is  unavoidable  in  this  setting,  some  account 
of  long-term  trends  in  U.S.  industrial  history  is  a  necessary  point  of  departure:  No  less  than 
with  the  recent  rise  of  Japan  as  an  industrial  superpower,  it  is  a  gross  distortion  to  view  the 
transfer  of  England’s  Industrial  Revolution  to  the  United  States  as  an  act  of  passive 
reproduction  by  the  redpienL  This  is  not  to  deny  the  small  but  crucial  pan  played  by  a 
direa  movement  across  the  Atlantic  of  trained  mechanics,  foremen,  and  entrepreneurs 
(Stapletcm  1987: 29),  which  no  doubt  speeded  the  growth  of  an  industrial  foothold  here  and 
the  initial  forms  it  took.  But  the  ixtiti^  stimulus  of  that  successful  prototype 
aside,  industry  in  the  New  World  quickly  developed  in  different  direction.^  since  it  had  to 
confrom  different  challenges. 
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DonuBant  among  them,  in  a  well*endowed  but  sparsely  populated  new  land,  was  the 
limited  supply  of  local  labor  and  the  Jiigh  costs  of  transport  Frontier  living  promoted 
familiarity  with  the  use  of  tools  and  with  principles  of  elementary  machinery.  A  sustained 
emphasis  on  labor-saving  agricultural  machinery  and  on  the  production  of  serviceable 
personal  weapons  of  high  dependability  were  other  predictable  outcomes  of  the  unique  set 
of  conditions  encountered  in  the  New  World,  as  was  the  abundance  of  timber  and  hence  a 
wider  reliance  on  wood  products.  As  exemplified  particularly  in  the  textile  industry,  high 
operating  speeds  and  greater  m^rhaniTarinn^  }tnri  maximum  use  of  inanimate  power  were 
other  characteristicalfy  American  features  (Jerext^  1973).  New,  automatic  milling  devices, 
antieipating  the  subsequent  ernphaaix  on  continuous  flow  technology,  had  already  been  intro¬ 
duced  by  the  time  of  the  Revolution.  But  perhaps  the  most  persistent  and  widely  celebrated 
theme  was  the  development  of  machines  and  implements  employing  interchangeable  parts. 

Another  influence  of  the  risk,  impermanence,  and  sparseness  of  settlement  associated 
with  the  American  frontier  may  well  have  been  the  emphasis  it  focused  on  rugged 
dependability  and  ease  of  maintenance  in  manufactured  goo^  at  the  sacrifice  if  necessary 
of  variability  of  style  or  quality  of  finish.  Standardization  met  this  end.  Probably  supportive 
of  the  same  trend  was  a  "confident  expectation  of  rapidly  growing  markets."  That  provided 
an  "extremely  powerful  inducement"  to  a  partricular  form  of  industrial  expansion: 

The  use  of  highly  specialized  machinery,  as  opposed  to  machinery  which  has 
a  greater  general-purpose  capability,  is  contingent  upon  expectations 
concerning  the  composition  of  demand  -  specifically,  that  ±ere  will  be  strict 
and  well-defined  lix^ts  to  permissible  variations.  Both  of  these  conditions . . . 
were  amply  fulfilled  in  earty-nineteenth  century  America  (Rosenberg  1981: 52- 
54). 

This  "American  System,"  as  it  came  to  be  called,  thus  anticipated,  and  perhaps  partly 
generated,  a  fairly  tolerant  form  of  consumer  demand.  American  consumers  were  markedly 
more  ready  than  their  English  counterparts  to  value  function  more  highly  than  finish  and 
to  accept  homogeneous  final  products.  This  made  it  possible  for  producers  of  capital  goods 
to  seize  the  initiative  in  setting  the  objective  of  stan^dization  and  suppressing  variations 
in  product  design  (Sawyer  1954:  369-71;  Rosenberg  1970:  558-60).  It  also  contributed  to 
American  leadership  in  pursuing  the  goal  of  standardized,  interchangeable  parts  (however 
imperfectly  it  was  met  at  the  time),  vtdnch  was  a  special  subject  of  admiration  in  the  great 
Crystal  Palace  exposition  in  London  in  1851  (Hindle  1981,  Hindle  and  Lubar  1986). 
European  comment  often  gave  much  attention  to  the  crudity,  the  lack  of 
finish,  the  use  of  wood  in  place  of  metal  or  the  light  construction  of  various 
articles;  but  the  admiration  for  their  simplicity,  originaiity,  effectiveness,  and 
above  all  their  economy  and  volume  of  production,  led  not  only  to  recognition 
at  the  world  fairs  but  to  increasing  entrance  of  American  products  and 
methods  into  European  markets  as  imports,  or  through  licensing  or  notably 
less  formal  practices  (Sawyer  1954:  371). 

The  truly  sustained  growth  of  American  industry,  and  its  mounting  competitive  success 
in  world  markets,  developed  on  these  foundations  in  the  period  following  the  CivU  War 
(Hounshell  1984).  Product  and  process  innovation  both  played  a  substantiai  part,  at  first 
almost  exclusively  at  the  hands  of  managerial  and  shop-floor  personnel  with  practical 
experience  rather  than  in  dedicated  corporate  research  laboratories.  Dependence  on  basic 
research  in  universities  -  indeed,  any  effective  linkage,  save  in  the  recruitment  of  college- 
trained  persoimel  -  was  of  course  virtually  insignificanL 

One  of  the  roots  of  the  prodigous  industrial  growth  was,  quite  naturally,  an  unparalleled 
commitment  to  mass  produ^on.  Another,  more  slowly  developing  as  the  ties  of  individual 
firms  to  the  exploitation  of  particulars  set  of  natural  resources  weakened  (Wright  1990),  was 
the  hierarchical,  multi-division  corporations.  But  while  initially  they  were  sources  of  great 
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competitive  strength,  these  features  contained  seeds  of  weakness  under  a  different  set  of 
world  economic  conditions  that  only  began  to  materialize  a  century  later.  On  the  one  hand, 
some  industrial  sectors  such  as  automobiles  and  steel  became  state  oligopolies  with  only 
marginally  increasing  demand  and  high  barriers  to  entry.  These  structures  divened 
competition  from  production  costs  or  basic  technological  development  to  marginal  product, 
process,  and  style  changes  (Cohen  and  Zysman  111). 

Another  source  of  long-term  structural  weakness  that  began  as  a  competitive  advantage 
was  the  abundant  supply  of  industrial  labor  that  began  to  flood  into  America  in  the  post- 
Civil  War  period.  La^e-scaie  immigration  from  southern  and  eastern  Europe  provided  a 
huge  but  undisic4>lined  and  Hi-trained  labor  force,  initially  very  limited  in  its  familiarity  with 
English.  This  co^d  only  reinforce  the  en^hasis  on  highly  standardized  mass  production  as 
the  dominant  industrial  outlook.  In  time,  this  came  to  be  codified  as  Taylorism,  involving 
managerial  reliance  on  small  cadres  of  educated  planners  and  supervisors  who  could  reduce 
complex  assembly  jobs  into  multiple,  rote  assignments  that  could  be  demonstrated  rather 
than  taught.  Effective  as  it  was  in  meeting  the  special  conditions  of  the  time,  the  inherent 
defect  in  this  approach  from  the  vantage  point  of  the  late  twentieth  century  has  become  that 
what  the  world  is  prepared  to  pay  high  prices  and  high  wages  for  now  is 
quality,  variety  and  responsiveness  to  changing  consumer  tastes,  the  very 
qualities  that  the  new  methods  of  organizing  work  make  possible....  The  new 
high  performance  forms  of  work  organization,...rather  than  increasing 
bureaucracy,..j-educe  it  by  giving  front-line  workers  more  responsibility. 
Workers  are  asked  to  use  juc^ment  and  make  decisions.  Management  layers 
disappear  as  front-line  workers  asaitna  responsibility  for  many  of  the 
from  quality  control  to  production  scheduling  -  that  others  used  to  do.... 

[But]  because  most  American  employers  organize  work  in  a  way  that  does 
not  require  high  skills,  they  report  no  shortage  of  people  who  have  such  skills 
and  foresee  no  such  shortage.  With  some  exceptions  the  education  and  skill 
levels  of  Axnerican  workers  roughly  mafch  the  demands  of  their  jobs^..  More 
than  70  percent  of  the  jobs  in  Axnerica  will  not  require  a  college  education 
by  the  year  2000...  No  nation  has  produced  a  highly  qualified  technical 
workforce  without  first  providing  its  workers  with  a  strong  ^aieral  education. 

But  our  children  rank  at  the  bottom  on  most  international  tests  -  behind 
children  in  Europe  and  East  Asia,  even  behind  children  in  some  newly 
industrialized  countries...  Only  eight  percent  of  our  front-line  workers  receive 
axqr  formal  training  once  on  tte  job,  and  this  s  usually  HtnitaH  to  orientation 
for  new  hires  or  short  courses  on  team  building  or  safety  (Commission  on  the 
Skills  of  the  American  Workforce  1990:  2-4). 

The  U.S.  educational  system  is  often  described  as  the  best-funded  in  the  world,  but  as 
his  report  implies  the  funding  -  and  performance  -  of  its  primary  and  secondary  seaors 
oust  be  assigned  to  an  entirely  different  category  than  its  college  and  university  sector.  Our 
>er  capita  e:q)enditnres  rank  rather  low  among  those  of  industrialized  countries  (12th  of  14 
D  OECD  rankings)  if  we  consider  primary  and  sectmdaiy  schooling  only.  Moreover,  we 
leed  to  look  deeper  than  these  aggregates.  The  gulf  between  per-pupil  levels  of  spending 
D  different  states  and  localities  is  very  large,  and  the  dollar  levels  ^  adequately  to  reflect 
lifferences  in  the  availability  of  specialized  equipment  and  advanced-level  classes,  and  in- 
he  quality  of  teaching.  Students  in  low-income  and  inner  dty  neighborhoods,  including  a 
igh  proportion  of  minorities  and  of  those  destined  to  serve  as  the  core  of  our  industrial 
workforce,  are  particulariy  at  risk.  Possibilities  for  their  upward  mobility  are  seriously 
educed  by  the  barrier  to  college  or  univexsity  training  that  is  imposed  these  earlier 
ducational  impediments. 


246 


Abbreviated  as  it  oecessaiily  has  been,  the  burden  of  this  account  is  to  outline  how 
some  original  strengths  of  American  industrial  organization  have  gradually  been  transformed 
into  weaknesses  in  a  world  order  that  has  been  still  more  profoundly  transformed  over  the 
course  of  a  century.  Nothing  in  that  will  be  found  very  surprising.  But  more  disturbing  and 
perhaps  even  counterintuitive  are  its  implications  for  our  own  self-image. 

We  hear  on  all  sides,  including  repeatedly  at  this  conference,  that  self-reliance  and 
openness,  derived  in  some  measure  from  the  expansiveness  of  our  western  frontier  in  an 
earlier  era,  are  fundamental  features  of  the  American  character.  Predisposing  otir  society 
to  an  absence  of  rigid  structures  and  hierardncai  barriers  to  mobility,  they  are  credited  with 
playing  an  important  part  in  our  sdendfic  preeminence.  Yet  the  sweeping  applicability  of 
this  stereotype  to  our  society  as  a  whole  is  obviously  at  variance  with  what  we  have  seen  of 
its  mass  production  industries.  While  corrective  steps  are  now  underway,  in  many  instances 
too  large  a  proportion  of  our  industrial  workforce  is  still  permanently  consigned  to  a  semi¬ 
skilled  status,  relatively  well-paid  but  limited  to  highly  routinized  assignments.  Typically 
lacking  is  any  significant  prospect  for  individual  advancement,  as  well  as  opportunity  for  the 
mutual  improvement  and  reinforcement  -  not  merely  of  the  morale  of  the  workforce  but 
of  the  industrial  product  and  production  process  -  that  the  Japanese  have  led  the  way  in 
showing  can  result  from  closer  group  interaction. 

Does  it  follow,  however,  that  this  self-image  is  no  longer  anything  more  than  a  memory? 
To  the  contrary,  I  would  arme  strongly  that  it  still  applies  with  considerable  accuracy  to 
drcies  of  professional,  imellecmal,  entrepreneurial,  and  in  particular  scientific  life  like  those 
participating  in  this  conference.  Indeed,  in  these  circles,  there  is  very  nearly  the  antithesis 
of  Taylorism.  Settii^  aside  doubts  about  the  capacity  of  the  modem  American  research 
university  itself  to  adapt  to  a  ehanging,  more  stressful  environment,  this  is  perhaps  best 
exemplified  by  the  &vorable  internal  environment  for  creativity  that  it  has  fostered 

While  demographic,  financial  and  odier  pressures  have  eroded  the  availability  of  tenure 
and  other  advantages,  the  research  university  continues  to  provide  at  least  a  relatively 
flexible,  egalitarian,  innovatrve  setting  for  research.  Discxplinaiy  barriers  to  communication 
are  often  decried,  but  boundaries  to  association  in  furtherance  of  the  research  enterprise 
remain  relatively  negotiable  both  internally  and  externally.  Virtually  absent,  particularly  in 
the  strongest  institutions,  are  incentives  for  anything  other  than  rampant,  individualistic 
behavior  -  if  it  is  accompanied  by  high  pnoductivity. 

There  is  a  curious  coupling,  in  other  words,  in  the  new  version  of  the  "American 
System."  On  the  one  hand,  a  complex  of  advanced  educational  instimtions  has  developed 
(with  substantial,  if  declining,  federal  support)  that  is  exceptionally  well  attuned  to  its 
responsibility  for  encouraging  the  creativity  essential  for  basic  research  Qearly,  its  modem 
origins  lie  in  the  outstanding  series  of  successful  military  applicauons  of  discoveries  in 
university-based  laboratories  during  and  after  World  War  H.  Whether  the  post-Coid  War 
transition  to  a  market-  or  consumer-product-orientation  will  be  met  with  comparable  success 
is  still  in  doubt  And  on  the  other  hand,  on  the  shop-floors  that  must  be  the  real  front-line 
of  any  serious  effort  to  attain  greater  productivity  and  competitiveness,  no  comparable 
support-system  exists.  A  fomudable  set  of  barriers  instead  remains  in  place,  severely 
retarding  any  comparable  trend  toward  self-improvement  and  involvement  in  the  innovation 
process  by  our  industrial  labor-force  at  large. 

This  is  a  strildngiy  bimodal  system,  in  other  words,  although  its  two  components  are  not 
equally  visible.  Those  of  us  who  usually  represent  the  U.S.  at  international  conferences  Like 
this  one,  and  who  in  our  publications  articulate  the  understanding  of  basic  American 
institutions  and  character  on  which  colleagues  in  other  countries  largely  depend,  are  drawn 
almosi  exclusively  from  the  academic-professional-entrepreneurial  componenL  The  claims 
of  freedom  of  action  we  make  for  ourselves,  and  perhaps  even  the  preeminence  we  attach 
to  individualist  values,  need  to  be  taken  with  corresponding  skepticism  before  they  are 
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actended  to  the  whole  of  the  body  politic.  To  illustrate  the  extent  of  the  resultant  deviation, 
i  may  be  useful  briefly  to  consider  the  larger  milieu  of  public  acceptance  within  which  the 
American  scientific  community  has  been  able  to  operate  freely  for  two  generations. 

Daniel  Yankelovich  (1984)  has  attributed  -  correctly,  in  my  view  -  no  small  part  of  the 
access  of  American  science  to  an  ’social  contract’  with  the  larger  society,  more  or  less 
mderwriting  its  own  autonomy  and  creative  separateness.  Sheltered  by  this  unwritten 
agreement,  he  argues,  is  considerable  scientific  exceptionaJism  with  regard  to  prevailing 
Lorms  and  values.  There  is  a  strong  popular  predisposition,  for  example,  to  regard  Truths 
s  fiygd  given,  while  the  accepted  and  prgy?  "liVig  scientific  posture  is  one  that  views 
ssendally  all  fitidings  are  provisional  and  contingent.  Similariy,  it  is  the  stance  of  lidence 
though  there  are  practical  limits)  to  accept  controversy  and  a  lack  of  consensus  not  only 
5  a  tolerable  but  as  a  normal  state.  We  think  of  solutions  to  problems  as  generating  not 
ruths  but  a  selection  of  new  problems.  This  stance,  too,  is  foreign  and  counter* 

atuitive  to  the  general  American  populace.  Yet  its  use  by  scientists  as  an  operating  credo 
i  accepted  even  without  being  understood. 

Another  aspect  of  our  remarkably  extensive  and  loosely  woven  grant  of  autonomy 
.pplies  not  merely  to  science  as  a  whole,  nor  only  to  groups  of  scientists,  but  to  individuals, 
t  is  the  freedom  in  principle,  obviously  qualified  by  considerations  of  funding  and 
Qstitutionai  setting,  to  work  on  ’discovered’  as  opposed  to  ’presented’  problems.  Basic 
esearch,  which  is  what  research  universities  profess  to  be  all  about,  involves  precisely  this 
ubstantial  degree  of  individualized  control  over  the  direction,  scale,  methodology,  an.1  pace 
)f  investigations. 

Or  further,  consider  science’s  freedom  in  drawii^  its  boundaries.  To  be  sure,  there  is 
ome  public  fuzdness  over  who  is  and  is  not  a  sdentisL  But  except  in  some  domains  of 
ocial  sciences  where  relevant  (if  anecdotal)  public  experience  is  nearly  universal,  and  in  a 
ery  few  other  disputed  areas  like  those  involving  creationism  and  opposition  to  abortion 
nd  the  use  of  animals  in  biological  experimentation,  there  has  been  little  external 
isposition  to  question  the  line  of  separadon  between  science  and  non^sdence  that  the 
dentific  comnmnity  thus  has  been  able  to  draw  essentially  unilaterally. 

In  conclusion,  these  "contextual”  and  hence  somewhat  unfocused  remarks  need  to  be 
elated  more  directly  to  the  issues  immediately  before  this  conference.  In  my  view,  the 
onerican  problem  with  lagging  industrial  competitiveness  seems  unlikely  to  be  resolved  if 
'e  regard  it  as  a  matter  to  be  dealt  with  at  the  level  of  individual  firms  alone,  whether  by 
idustrial  financiers,  managers,  or  research  directors.  Among  the  more  general  failings  to 
rhich  individual  finns  cazmot  easily  frame  an  adequate  response  are  our  lack  of  flexibility 
1  quickly  developing  commercially  successful  pro^cts  out  of  basic  discoveries,  and  our 
lilure  al^  to  match  our  competitors  in  implementing  innovations,  improvements  and  cost 
•ductions  at  the  factory  floor  level  These  difficulties  reflea  the  growing  inadequacy  of  the 
ifurcated  approach  to  educadon  which  we  have  not  yet  found  the  means,  or  wiU,  to 
bandon. 

All  of  our  labor  force,  not  just  our  manners,  scientists,  and  engineers,  should  be 
(garded  as  part  of  a  single  pool  of  human  resources.  Any  real  and  permanent 
oprovement  in  our  competitive  stance  requires  greater  readiness  to  delegate  dedsion- 
taidng  authority  to  individuals  and  groups  at  the  operational  level  and  greater  national 
rvestmmit  in  education  and  training  that  targets  the  whole  of  our  workforce  and  not  just 
s  managerial  and  scientific  elite. 
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THE  DISTINCTION  BETWEEN  SCIENCE  AND  ENGINEERING 


Bryan  Pfaffenberger,  University  of  Virginia 


During  the  past  week,  participants  in  the  Conference  on  the  Influence  of  J^anese/ 
American  Cultures  on  Technical  Iimovation  in  A.dvanced  Materials  have  explored  a  unique 
opportunity  to  look  beyond  our  disdplinaiy  concerns,  and  to  try  to  interpret  technical  ^ 
scientific  activities  in  a  broad,  cross-oiltural  framework.  If  the  Conference  has  done  its  job 
correctly,  the  results  should  be  both  revealing  and  disturbing;  th^  should  highlight  the 
unspoken,  taken-for-granted  assumptions  that  imderlie  our  attitudes  about  scientific  and 
technological  activity.  What  is  doubly  fascinating  about  the  Conference  has  been  that  we 
ourselves,  through  our  speech  and  other  actions,  have  perhaps  illustrated  some  of  the 
underlying  themes  that  differentiate  technological  activities  in  the  United  States  and  Japan. 

Of  the  many  contrasts  that  seem  to  have  emerged,  I  want  to  concentrate  on  what  I 
think  to  be  the  most  significant,  the  relationship  between  scientific  and  technological 
activities.  What  seems  clear  is  that  in  the  United  States,  scientific  activities  are 
differentiated  from,  and  evaluated  more  highly,  than  technological  activities.  And  equally 
clear  is  that  in  Japan,  the  distinction,  and  the  differential  evaluation,  are  by  no  means  so 
clearly  evident  In  these  comments,  I  want  to  explain  briefly  why  this  might  so,  and  what 
its  implications  might  be  for  the  management  of  tedmological  innovation. 

In  Anglo-American  engineering,  the  distinction  between  scientific  and  technological 
activities  is  closely  related  to  the  Victorian  and  post- Victorian  professionalization  of 
engineering  (Bledstein  1975,  Shs^in  1989).  To  be  a  professional,  and  to  lay  claim  to  a 
social  and  economic  status  that  is  commensurate  with  professional  training,  one  must  have 
mastered  an  esoteric,  abstract  knowledge  about  the  world-an  e3q>lanatoiy  and  tynthetic 
knowledge  that  allows  the  professional  to  peer  beneath  the  buzzing  confusion  of  reality  to 
perceive  the  underlying  truths  and  immutable  laws.  This  knowledge  is  difficult  to  master, 
but  it  is  objective  and  far  superior  to  mere  opinion  or  skilL  It  is  the  possession  of  this  type 
of  knowledge  that  justifies  the  high  standing  and  compensation  given  to  attorneys, 
physicians,  and  other  professionals. 

As  engineers  struggled  to  enhance  their  social  standing  in  the  late  nineteenth  century, 
they  came  to  emphasize  the  application  of  science  to  engineering  problems.  Th^  did  so, 
to  be  sure,  in  large  measure  because  scientific  knowledge  and  mathematical  reasoning  were 
capable  of  increased  control  over  the  natural  world,  but  at  the  same  time  this  knowledge 
and  reasoning  style  could  be  represented  as  fully  aidn  to  the  kind  of  knowledge  possessed 
by  other,  well-rewarded  professionals.  To  be  a  professional  engineer,  in  short,  was  to  favor 
abstraa  knowledge  and  mathematical  reasoning  over  the  approach  of  the  "mere  technician," 
whose  skills  were  tactile,  visual,  rooted  in  specific  materials,  and  learned  by  experience. 
By  the  twentieth  century,  the  distinction  between  ’professional  engineers"  and  "tedinidans" 
had  been  institutionalized  in  a  pecking  order  of  undergraduate  engineering  programs,  with 
professional  engineering  taught  at  universities  and  technical  skills  taught  at  minor  "tech  and 
ag"  schools. 

The  distinction  between  the  high  status,  professional  engineer  and  the  low  status 
technician  was  reinforced  by  the  anti-industrial  ethos  common  in  universities  by  the  late 
nineteenth  century  (Wiener  1981).  In  England,  the  universities  became  the  last  bastion  of 
an  aristocracy  that  had  been  completely  marginalized  by  the  industrial  revolution,  and  in 
the  aristocrats  defense  the  humanities  departments  of  universities  created  and  elaborated 
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a  nQrthos  of  the  pre-industrial  past,  a  past  of  Faustian  depth  and  noble  virtue  that  had  been 
ruined  by  the  crass  conunercialism  and  the  environmental  degradation  wrought  by  the 
industrial  revolution  In  the  face  of  this  anti-industrial  (and  tacitly  aristocratic)  ethos,  a 
person’s  interest  in,  and  involvement  vdth,  technical  matters  and  capitalism  could  only  be 
seen  as  a  sign  of  inferior  breeding  and  taste.  Although  America  lacks  an  aristocra(7,  its 
universities  have  nonetheless  echoed  the  anti-industrial  ethos  of  Oxbridge,  introducing 
strong  pressures  for  a  concentration  in  engineering  curricula  on  abstract  knowledge  and 
math  (and  away  from  experientially-leamed,  tactile  and  visual  "technical"  skills). 

In  the  mid-  to  late-twentieth  century,  the  distinction  between  professional  engineering 
and  technical  skills  has  been  deepened  by  the  rise  of  the  modem  research  university,  in 
which  promotion  and  status  depend  heavily  on  the  conduct  of  scientific  researdi,  the 
publication  of  scientific  journal  articles,  and  the  acquisition  of  scientific  research  grants. 
Funding  agencies  have  often  expressed  a  preference  for  basic  research  of  a  markedly 
scientific  character,  rather  than  "technical"  projects  aimed  at  resolving  specific  technioJ 
difficulties  that  would  probably  not  have  implications  beyond  a  limited  sphere.  To  succeed 
in  the  research  and  publication  game,  one  had  to  prove  one’s  mettle  by  demonstrating 
virtuosity  in  abstract  knowledge  and  mathematical  reasoning.  These  activities  had  come 
to  define  professional  engineering  and  applied  science  as  a  distinct  and  justifiable  area  of 
activity  within  the  modem  research  university,  and  one  could  de-emphasize  them  only  at 
the  peril  of  opening  questions  about  the  desirability  of  maintaining  a  "technical”  program 
at  the  research  university  level. 

At  the  Conference,  the  Anglo-American  distinction  between  science  and  engineering 
manifested  itself  in  several  ways.  Some  U.S.  members  of  the  group,  and  in  particular  those 
with  strong  affiliations  to  the  professional  (scientific)  model  of  engineering,  were  sharply 
critical  of  attempts  to  locate  sdendfic  and  engineering  practice  in  a  broader,  social  and 
cultural  context.  That  in  itself  is  hardly  surprising.  The  scientific  ethos  holds  that,  when 
science  is  done  properly,  social  and  cultural  bias  are  eliminated.  Indeed,  when  one  scientist 
criticizes  another,  ^e  criticism  often  focuses  on  the  bias  that  e3q>lains  why  an  inappropriate 
model  or  analytical  approach  was  chosen.  When  the  theme  of  one’s  training  has  been  the 
acquisition  of  an  esoteric,  unbiased  knowledge,  it  can  be  threatening  to  be  informed- 
espedally  by  someone  doing  "soft,  qualitative  work"-tbat  these  forms  of  knowledge  might 
very  well  rest  on  tadt  notions  that  are  socially  or  culturally  supplied. 

When  U.S.  sdentists  and  engineers  described  their  work,  the  presentation  style  they 
chose  seemed  to  echo  the  distinction  between  professional  engineering  and  technical  skill. 
They  dearly  delineated  the  boundaries  of  sdentific  disdplines,  and  their  presentations 
tended  to  emphasize  a  verbal,  linear  history,  with  relatively  few  illustrations.  When 
illustrations  were  used,  they  tended  to  show  linear,  cause-effea  relationships  that  rarely 
involved  more  than  two  variables.  In  describing  their  activities,  the  U.S.  researchers 
seemed  less  concerned  with  the  materials  or  artifacts  with  which  they  were  working  than 
they  were  with  the  issue  of  credit-just  who  did  what  first  Emphasizing  the  theme  of 
academic  confrontation  and  argument,  the  U.S.  partidpants— engineers  and  sodologists 
included— seemed  more  than  willing  to  engage  in  conflict-oriented  debate  as  a  means  of 
isolating  and  dealing  with  the  significant  issues. 

I  am  not  familiar  with  the  literature  on  the  history  of  sdence  and  technology  in  Japan, 
but  it  was  obvious  during  the  conference  that  Japanese  culture  (for  reasons  unknown  to 
me)  does  not  distinguish  "professional  engineering"  and  "technical  skills"  quite  so  sharply. 
No  palpable  distinction  was  drawn  between  university  science  professors  and  corporate 
engineers,  who  seemed  to  share  much  in  common  and  indeed  to  perceive  themselves  to  be 
involved  in  a  common  enterprise.  There  seemed  little  sign  of  the  traditional  academic 
disciplines  in  the  Japanese  researchers’  talks;  on  the  contrary,  they  showed  an  artifact  or 
materials  orientation,  concerning  themselves  almost  by  definition  with  an  interdisciplinary 
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field  of  study  that  encoix^)asses  ai^thing  and  everything  that  could  conceivably  be  relevant, 
These  fields,  moreover,  seemed  to  be  defined  from  the  beginning  with  an  artifact-centered, 
problem  orientation:  we  want  to  build  this,  so  weVe  got  to  solve  the  following  problems. 
In  describing  the  evolution  of  these  research  areas,  Japanese  researdiers  seemed  to  place 
less  emphasis  on  just  who  did  what  when,  and  much  more  emphasis  on  the  grovt^  of 
knowledge  generally  about  a  set  of  materials,  and  how  the  more  vexing  challenges  have 
been  overcome  through  patient,  dedicated  work.  One  gets  a  sense  that  the  Japanese  have 
little  problem  forming  consensus  communities  around  such  problem  areas.  They  didn’t 
seem  to  have  as  much  to  lose  if  the  research  didn’t  work  out-unlike  their  American 
colleagues,  who  often  seemed  to  suggest  that  their  scientific  careers  would  be  ruined  if  th^ 
made  a  disproportionate  commitment  to  an  unpromising  area. 

Other  differences  stood  out  during  the  week  of  presentations.  The  talks  given  by  the 
Japanese  researchers  employed  significantly  more  visual  images,  and  these  images  differed 
in  quality  as  weU  as  quantity  from  their  American  counterparts.  Visually  attractive  and 
complex,  they  often  portrayed  many  variables  in  an  interacting,  organic  system  replete  with 
feedback  linkages.  Judging  from  the  illustrations,  too,  the  Japanese  seem  to  ^e  more 
aesthetic  pleasure  in  materials  and  artifacts;  many  slides  depicted  materials  or  machines 
lovingly,  as  if  they  were  artistic  as  well  as  technics  feats. 

Judging  from  what  I  have  seen  this  week,  I  would  offer  the  following  very  provisional 
conclusions.  I  would  suggest,  and  I  hope  I  do  not  do  so  because  of  my  cultural  biases,  that 
the  American  approach-conflict  oriented,  and  placing  science  higher  than  technology- 
would  seem  very  productive  of  fundamental  scientific  insights,  and  rather  less  effective 
when  it  comes  to  creating  an  interdisciplinary  consensus  network  oriented  to  the  solution 
of  an  artifact-based  problem  (e.g,  "How  do  we  get  this  mag-lev  train  to  work?")  The 
American  iq>proach  seems  to  tmderlie  the  evidence  that  Americans  do  better  in  science, 
but  are  less  successful  in  devoting  themselves  to  the  start-to-firdsh  construction  of  a 
high-quality,  well-designed  technological  system  or  artifact  Precisely  the  opposite  could 
probably  ^  said  of  the  Japanese;  J^anese  scientists  sometimes  compl^  that  the 
environment  for  pure  scientific  researdi  is  better  in  the  United  States,  and  Japanese 
achievements  in  technology  hardly  need  comment 

And  what  is  to  be  learned  from  this  comparison?  When  we  think  about  the  influence 
of  culture  on  technological  innovation,  it  is  very  ea^  to  &11  back  into  the  traq>  of  cultural 
determinism:  we  have  to  do  it  this  way  because  we  are  American,  or  Japanese,  or  Sri 
T  .ankan,  or  whatever.  What  this  week  suggests  is  that  we  actively  construct  and  reproduce 
our  cultural  worlds  even  as  we  do  mundane  things  like  sit  around  and  talk  about 
technological  innovation!  What  underlies  our  actions  are  not  inflexible  cultural  beliefs  and 
values  that  have  been  forever’stamped  in  our  minds,  but  rather  behaviors  that,  so  long  as 
we  are  unaware  of  them,  continue  to  produce  and  reproduce  the  cultural  world  around  us. 
Contemporary  discourse  theory  holds  that  we  actively  produce  the  social  and  cultural  world 
around  us  through  the  choices  we  make  as  we  engage  in  discourse  (Qark  1990),  and  this 
week’s  meeting  would  seem  to  supply  ample  evidence  in  support  of  this  contention. 

A  significant  corollary  of  discourse  theory  is  that,  to  the  extent  that  we  structure  our 
cultural  world  through  our  interactional  choices,  we  are  reponsible  for  them.  But 
responsible  action  can  follow  only  on  awareness.  What  is  so  valuable  about  cross-cultural 
interaction  is  that  it  brings  these  culmre-shaping  behaviors  to  the  fore,  where  we  can  finally 
examine  them,  and  make  rational  choices  and  judgments  about  their  desirability.  The 
Japanese  predilection  for  multi-dimensional  illustrations,  for  instance,  may  very  well  stem 
from  some  facet  of  the  Japanese  world  view  that  an  American  could  not  grasp  without 
many  years  of  residence  in  Japan.  But  it  doesn’t  take  too  much  work  to  learn  how  to  make 
multi-dimensional  graphs,  and  to  stan  thinking  about  a  field  of  expertise  as  an  interdisci¬ 
plinary  research  area,  focused  on  the  creation  of  a  specific  artifact,  that  is  to  be  tackled  by 
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a  solidary,  noncompetitive  team  t^t  isn’t  out  to  vanquish  the  others  in  the  game  of 
publication  and  grants.  Precisely  that  kind  of  systems-level,  group-oriented  thinking  and 
a  kindred  goal  of  solving  artifact-related  problems  in  an  interdisdpliziary  context,  seems  to 
be  chararteristic  of  some  of  the  greatest  feats  of  American  technological  innovation,  such 
as  the  fabled  Alto  computer  produced  in  the  1970s  by  Xerox  Corporation’s  Palo  Alto 
Research  Center.  Tellingly,  it  also  seems  to  charaaerize  the  most  successful  American 
innovations  discussed  at  the  Conference,  silicon  nitride  technology,  which  was  from  the 
beginning  focused  on  the  creation  of  a  ceramic  engine  with  considerable  support  from  a 
government  agency.  World  views  aren’t  ea^  to  change,  but  Americans  have  shown  plen^ 
of  ability  to  learn  and  use  new  designs  for  the  social  organization  of  technical  activity,  and 
new  ways  of  attacking  pressing  technological  problems.  Cross-cultural  interaction  and  the 
sharing  of  perspectives,  such  as  has  been  made  possible  by  this  Conference,  are  invaluable 
in  providing  rich  new  opportunities  for  this  learning  to  occur. 
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EIE  MANAGEMENT  OF  KNOWLEDGE  AND  THE  ROLE  OF  CULTURE  IN  THE  R/D 
NTERPRISE 


ustum  Roy,  The  Pennsylvania  State  University 


•  • 

Locally  generated  research  is  a  rapidfy  decreasing  factor  in  the  useful  management  of 
oowledge  wljicfa  can  lead  to  both  invention  and  innovation.  New  roles  for  the  university  are 
»en  in  the  gathering  of  information  and  knovdedge  by  all  means,  negentropic  organization 
f  the  and  providing  for  systematic  networking  for  groups  of  user  industries. 

Negative  cultural  factors  operating  in  the  U.S.  R/D  culture  include:  overemphasis  on 
jmpetition:  inadequate  cooperative  networking  with  other  groups  within/ outside  the  country; 
idemic  neglect  of  the  literature;  gross,  persistent  strucniral  bias  against  interdisciplinarity  in 
oiversities;  failure  to  understand  the  "system." 

itroduction 

In  Figure  1, 1  reproduce  from  earlier  work  (1)  the  relationships  among  often  confused 
>rms  ranging  from  data  to  wisdom.  In  the  world  of  technology,  the  hierarchical  level  most 
tvoived  is  "knowledge."  Most  so-called  university-industry  technology-transfer  is  grossly 
usnamed  as  first  pointed  out  by  J.  R.  Johnson  (2).  At  best,  it  is  knowledge  transfer, 
igure  1  is  my  first  attempt  to  ch^  knowledge  flows  in  the  R/D  process.  For  the  present 
urposes  only  a  few  brief  relevam  points  are  made  from  the  flow  chan. 

n*.L  KNOWLEDGE  MANAGEMENT 


A  mixture  of  data,  information  and  knowledge  is  constantly  being  scanned  by  our  brains. 
In  the  R/D  mode  they  are  seardung  for  inventions,  Le.  anomalies  or  novelties  or 
derivatioDS  from  the  previous  pattern.  Such  patterns  or  paradigms  constimte  a  high 
hierarducal  assemble^  of  knowledge  and  experience  from  many  sources  and  intuitive 
intercmmects. 
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This  search  involves  filtering  the  new  knowledge  (signals)  +  assoaated  noise  (most 
unorganized  data)  through  sets  of  filters  (patterns,  paradigms,  models)  to  see  what  does 
NOT  fit  The  probability  of  finding  an  anomaly  or  invention  is  directly  proportional  to 
the  number  of  filters  (models)  one  can  insert 

3.  The  patterns  themselves  have  been  formed  in  part  by  education  (K  through  graduate 
school)  and  are  added  to  by  life-long  learning.  Experience  is  essential  in  enriching  our 
store  of  such  models  or  paradigms. 

4.  The  input  to  the  filters  comes  mainly  from  four  sources:  (a)  one’s  own  (local)  research; 
(ii)  research  results  from  the  small  set  of  colleagues  who  constitute  our  invisible  college, 
Le.  leaders  and  labs  we  know  and  respect;  (iii)  research  results  reported  from  all  over  the 
world  at  meetings;  (iv)  the  formal  scientific  literature. 

We  may  compare,  very  generally,  the  R/D  culture  of  the  U.S.  with  those  of  Europe  and 
Japan  in  the  following  comments. 


U.S.  (1990) 

.  Japan/Europe 

Paradigm- 

richness 

Usually  poorer,  due  to  lack  of 
conceptual  clarity  at  college  level, 
and  disciplinary  narrowness  of  all 
universities.  &cperienced  (>60) 
years  of  age)  managers  leaving 
industry  will  make  situations  much 
worse. 

Team  strategy  helps  to 
provide  more  models. 

Literature 

Almost  totally  ignored  (except  from 
invisible  college,  Le.,  paradigm 
sharers).  Most  U.S.  scientists  are 
now  proud  to  say  they  have  not 
read  the  literature.  "No  time  to 
read;  busy  writing  proposals."  Yet 
no  effort  is  being  made  1^  govern¬ 
ment  or  professional  societies  to 
change  this.  No  time  to  read;  busy 
writing  proposals. 

Much  more  systematic 
use  of  literature.  It 
shows  in  papers  and 
every  contaa  with 

Japanese  or  European 
science. 

Local 

Research 

Often  narrow,  instrument-intensive, 
discipline  focussed,  not  problem¬ 
solving.  Problem  identification  is 
often  done  by  following  fashions 
set  in  the  media;  or  upgrading 

Ph.D.  theses. 

Problem-driven. 
Consensual,  selection 
of  targets  by  a  group 
process  inconceivable 
in  the  U.S. 

Professional 

Meetings 

Inaedible,  unsustainable  increase 
over  the  last  10  years.  Every  paper 
is  given  and  re-published  5-10 
times.  Very  inefficient  knowledge 
transfer. 

Starting  to  follow  U.S. 
models. 

Lab  Visits 

After  25-year  lag,  starting  to  copy 
Japanese. 

Since  1955  very' 
systematic  use  of  lab 
visits  to  gamer  new 
ideas  and  results. 
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FT*.  2.  Three  Discoveries  (Past) 
Comparative  Research  History  &  Strategy 


"Ferroclectridty" 

Ti02-MgTi03 

BaTA 

"Superconductivity" 

LaBaCu04 

YBa2Cu307 

"Ferromagnetism" 

Sm3Ga2Ga230^2 

Y3Fe2Fe30^2 

J.S.  Position  at 

Ime  of  Discovery 

Industry  in 

fffwntnflnHiTtg 

posMcm. 

Industry  v.  weak 
universities  v.  weak 
in  relevant  fields. 

Industry  far  ahead. 
Still  small  payofil 

echnological 

respects 

Drop  in 

replacement  into 
existing  products. 

-No  products. 
Shon-term 
prospects  unclear. 

■  No  impact  on 
ferrites. 

Memory 

applications  trivia. 
Microwave  -  minor. 

echnological 

Leality 

Enormous  capacitor 
industry. 

Major  impact 
improbable  in 

10-15  year  &ame. 

Impaa  minor. 

J.S.  Position  at 

Ime  of  Discovery 

Industry  in 

rmnmgTirimg 

posidozL 

Industry  v.  weak 
universities  v.  weak 
in  relevant  fields. 

Industry  far  ahead. 
Still  small  payoff. 

echnologicai 

rospects 

j 

Drop  in 

replacement  imo 
existing  products. 

-No  products. 
Shon-term 
prospects  unclear. 

No  impaa  on 
ferrites. 

Memory 

applications  trivia. 
Microwave  -  minor. 

echnological 

eality 

Enormous  capacitor 
industry. 

Major  impaa 
improbable  in 

10-15  year  frame. 

Impaa  minor. 

To  exaznine  these  Haims  it  is  valuable  to  compare  the  historical  record  of  recent  materials 
entions.  This  I  have  done  in  Figure  2  following  the  history  of  ferroelectrics,  ferromagnetics 
i  superconductivity.  These  charts  show  beyond  arty  doubt  that  no  rational,  thoughtful 
cesses  were  mrohr^  in  the  choices  of  problems  by  scientists  or  allocation  of  resources  by 
emments.  Figure  3  shows  the  response  of  the  matmals  innovation  community  to  three 
jor  materials  discoveries,  two  of  them  being  at  this  meeting  ■  -superconductors 

1  diamond  filim.  It  is  an  interesting  confirmation  of  the  point  made  in  Figure  3  (that  policy 
mtion  is  a  function  of  hype)  that  Lamdde,  the  new  material  innovation  furthest  along  the 
ovation  ladder  is  not  being  discussed  at  this  meeting. 

mnents  on  Present  Sitnation 

The  key  difference  between  the  two  cultures  U.S.  and  Japan — has  very  little  to  do  with 
ace  or  engineermg.  It  is  to  be  found  in  the  overall  attitude  to  planning,  and  achieving 
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Fig.  3.  Technology  OpportunitiM  Confronting  U.S.  Policy 
Makers  Three  Discoveries  (Starting) 


MRS  DEC  ’85 
Lanxide  Announced 

MRS  DEC’86 

1  HighTc 

Superconductor 
Confirmed 

MRS  DEC.  ’87 
•  Diamond  Films 
Announced  and 
Confirmed 

Advertising  Hype 

Strictly  avoided. 
Technical  press 
missed  it 

Enormous. 

Very  minor. 

Technical  press 
picked  it  up. 

Impaa  on  Research 

Not  one  proposal 
submitted  to  NSF, 
DOE  in  2  yrs. 

Cast  of  thousands 
working  outside 
their  field 

Considerable 
interesL  Minor 
initiatives. 

Impact  on  Agencies 

Only  DoD  response. 
Ignored  by  ALL 
others. 

Measured  smdied 
response.  Not 
overwhelmed 

DoD  responds. 

Others  ignore. 

Impact  on  Industrial 
Research 

Major  potential. 
Replacement  and 
new  technologies. 

Unknown. 

Most  analyses 
dubious. 

Major  potential  on 
wide  variety  of 
existing  products. 

U.S.  Interest 

100  %U.S. 

U.S.  role  •  minor 

U.S.  role  •  V.  small 

Technological 

Position 

>1200  patents  filed 
by  one  U.S. 
company. 

Patent  positions  • 
appear  irrelevant  so 
ftf. 

Japanese,  far  ahead 
in  tech.,  USSR  in 
science. 

Attention  ffom  U.S. 
Policy  Maken 

1 

1000+  + 

10 

harmony  and  consensus  among  all  involveii  When  it  comes  to  technology  development  and 
national  policy  the  differences  become  even  sharper.  If  we  refer  again  to  Figure  1  in 
connection  with  materials  synthesis  and  processing  one  finds  the  following: 

If  one  looks  at  the  relative  weights  given  to  the  inputs  into  the  knowledge  bank,  there  is 
very  clear  agreement  that  American  labs  pot  much  more  weight  on  local  research  than  their 
Japanese  counterparts.  Indeed  they  do  it  almost  to  the  exclusion  of  other  inputs..  The  N.LH. 
syndrome  is  rampant  Openness  to  other  sources  is  minimum.  The  only  exception  is  the 
invisible  college  or  old  boy  network.  Unfortunately  even  this  valuable  interacting  group 
process  is  being  poisoned  by  excessive  competition  for  funds.  The  Japanese  read  the 
literature  much  more  thoroughly  and  they  become  masters  of  "knowledge-scooping"  by  visits 
to  labs  all  over  the  world.  American  researchers  tend  to  stay  narrowly  focussed  for  decades. 
Good  Japanese  labs  systmnatically  arrange  for  many  to  move  condgucus  new  problems  every 
5’lOyeaus.  The  paradigm  richness  is  much  greater  in  Japan  both  because  of  the  above  factors 
and  the  team  efforts.  The  Japanese  re^>ect  for  *sabi,”*— wisdom  and  quality  and  value 
acquired  by  age  helps  in  the  use  of  experience  in  invention  recognition  and  problem 
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el^on.  They  also  know  the  probability  trees  for  payoff.  Also  the  U.S.  university  world, 
irhich  started  with  complete  openness  in  disseminating  its  results,  now  is  struggling  with  the 
>ottom*right  issue  of  "how  much  to  divulge  to  whom."  This  will  be  a  continuing  problem. 

*olicy 

We  have  read  interminable  reports  on  the  Japanese  R&D  process  and  system.  The  U.S. 
mows  the  system  well  We  know  full  well  that  their  carefully  managed  system  is  working  and 
hat  it  is  beating  the  pants  off  our  laissez-faire  effort  of  absolutely  no  policy  on  technology, 
lut  the  U.S.  fundamentalist*  political  attitudes  from  1980  onwards  have  marig  any  change 
^possible.  Hence  further  det^ed  analysis  is,  in  my  view,  a  waste  of  rime-  We  should  only 
ddress  the  question  of  how  the  technical  community  can  get  political  attitudes  changed. 


-  Roy,  Experimendng  with  Truth,  Pergamon  Press,  NY  (1979). 
R.  Joiuisoa,  Science,  , 
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AN  ETHNOGRAPHIC  APPROACH  TO  THE  CONFERENCE;  AN  ANTHROPOLOGICAL 
PERSPECTIVE 

Eric  Poncelet,  Department  of  Anthropology,  Univeristy  of  Arizona 


There  are  a  number  of  elements  which  distinguish  this  symposium  from  other 
technologically-oriented  conferences.  First  and  foremost,  the  focus  of  the  symposium  was 
primarily  on  Cultural  (rather  than  scientific,  economic,  or  political)  influences  on 
technological  innovation.  Furthermore,  the  approach  was  cross-cultural,  using  two  difierent 
countries  (Japan  and  the  U.S.)  as  the  basis  for  comparison.  Finally,  in  addition  to  the 
cohon  of  scientists,  engineers,  and  managers  of  innovation  in  attendance,  the  conference  was 
also  attended  by  a  number  of  anthropologists.  The  purpose  behind  inviting  anthropologists 
to  the  conference  was  two-fold.  First,  as  experts  in  the  study  of  culture,  they  were  uniquely 
qualified  to  present  material  concerning  two  major  foci  of  the  symposium:  a  description  of 
the  culture-technology  nexus,  and  a  comparison  of  Japanese  and  American  cultures.  Second, 
as  practitioners  of  ethnography,  they  were  asked  to  attend  the  meetings  as  outside  observers. 
The  purpose  of  this  short  essay  is  to  briefly  describe  some  of  what  transpired  at  the 
symposium  from  an  anthropological  point  of  view  in  the  hope  of  further  illuminating  the 
influences  of  culture  on  the  innovation  process. 

A  few  words  describing  who  anthropologists  are  and  what  they  do  are  appropriate  at  this 
point  Anthropologists  are  social  scientists  who  share  a  common  interest  in  culture.  Culture 
refers  to  "the  patterns  of  behavior  and  belief  common  to  members  of  a  society"  (Spradley 
&  Rynkiewich  1975:7).  One  of  the  primaiy  techniques  employed  by  anthropologists  to  study 
culture  is  "ethnography".  Ethnography  may  be  defined  as  "the  firsthand,  personal  study  of 
a  group  of  people"  (Kottack  1987:58).  However,  ethnography  is  more  than  sinq)le,  objective 
observations  of  activities  and  behaviors.  Ethnography  also  involves  interpreting  the 
subjective  meanings  of  these  activities  and  behaviors  (Le.  what  they  mean  to  the  participants 
themselves).  Consequently,  ethnography  has  also  been  described  as  "thick  descnption" 
(Geertz  1973:5)  to  distinguish  it  from  the  purely  objective  studies  of  the  natural  sdences. 
Two  important  ethnographic  techniques  used  by  anthropologists  in  the  field  include 
observation  and  participant-observation.  Observation  is  performed  when  the  anthropologist 
directly  observes  interpersonal  interaction  and  records  what  is  seen  as  it  is  seen. 
Participant-observation  occurs  when  the  anthropologist  takes  part  in  the  events  being 
observed  and  analyzed. 

Both  of  the.se  techniques  were  utilized  by  various  anthropologists  attending  the 
symposium.  Some  of  the  resulting  observations  proved  to  be  both  interesting  and  pertinent 
to  the  goals  of  the  symposium.  It  is  a  goal  of  this  paper  to  describe  some  of  these 
observations  and  their  subsequent  interpretations.  As  it  would  be  beyond  the  scope  of  this 
paper  to  describe  the  entire  conference,  only  a  brief  (though  representative)  sample  will  be 
discussed  below.  The  discussion  will  proceed  in  three  parts:  a  description  of  the  conference 
setting,  some  ethnographic  observations  made  by  anthropologists,  and  discussions/ 


interpretations  of  these  observations. 


Setting 

The  conference  setting  may  be  briefly  described  by  examining  who  attended  and  how 
it  was  struaured.  The  participants  in  the  symposium  came  from  wide  cultural  and 
occupational  backgrounds.  Both  Japan  and  the  U.S.  were  represented  by  representatives 
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from  industry  (corporations),  government  (national  labs),  and  universities,  all  with 
experience  in  the  innovation  of  oxide  superconductors,  synthetic  diamonds,  or  silicon  nitride 
structural  ceramics.  Also  in  attendance  at  the  ^rmposium  were  experts  in  the  management 
of  irmovations.  Finally,  social  scientists  were  represented  in  the  form  of  anthropologists  and 
sociologists. 

The  structure  of  the  symposium  consisted  primarily  of  a  number  of  scheduled  formal 
presentations  followed  by  discussion  and  comments.  The  presentations  and  discussions  were 
performed  solely  in  English.  The  discussions  were  basically  open-floor  discussions 
characterized  by  voluntary  participation  and  little  solicitation  of  comments. 

Observations 

For  the  purposes  of  illustrating  the  types  of  observations  made  by  anthropologists  at  the 
symposium,  four  specific  observations  will  be  discussed.  These  include  observations  of 
group-formation  tendencies,  general  communication  characteristics,  the  actual  presentations, 
and  the  ensuing  discussions. 

There  was  a  definite  distinction  between  the  Japanese  and  American  participants 
concerning  the  marmer  in  which  they  organized  themselves  into  groups.  Many  of  the  U.S 
participants  tended  to  compartmentalize  themselves  into  diametrically  opposed  ‘group 
Thus,  many  of  the  Americans  aligned  themselves  as  scientists  vs.  engineers,  namral  scientists 
vs.  social  scientists,  or  academicians  vs.  business  people.  However,  this  compart- 
mentalization  did  not  restrict  multiple  group  membership.  It  was  conunon  for  U.S. 
participants  to  consider  themselves  as  ha'.ing  ties  to  more  than  one  group  (e.g.  ties  to 
government  and  industry,  or  to  the  U.S.  and  Japan).  Furthermore,  among  the  Americans, 
there  was  often  a  sense  of  competition  within  and  among  groups.  For  instance,  there  was 
competition  between  the  three  material  science  subfields  concerning  their  relative  successes 
and  importance.  The  Japanese  participants,  on  the  other  hand,  did  not  follow  the  group>- 
formation  tendencies  pursued  by  the  Americans.  Instead,  the  Japanese  maintained  a  more 
unitary  appearance.  They  were  less  likely  to  con^artmentalize  themselves  into  groups  and 
more  likely  to  present  a  harmonious  appearance. 

There  were  also  a  number  of  differences  between  the  Japanese  and  American 
participants  concerning  their  communication  styles.  In  general,  the  Americans  tended  to 
speak  more  frequently  and  at  greater  length  than  the  Japanese  participants.  The  U.S.  style 
of  communication  tended  to  be  distinguished  by  voluntary  participation,  rapid  exchanges, 
and  frequent  interruptions.  By  contrast,  the  majority  of  the  communication  from  the 
Japanese  participants  came  when  solicited  from  U.S.  participants  and  in  regard  to  specific 
issues.  There  were  few  if  any  Japanese  participants  interrupting  other  participants. 

The  third  area  of  observations  concerns  the  formal  presentations  made  during  the 
svmposium.  Many  of  the  presentations  made  by  the  U.S.  participants  tended  to  be  histori- 
callv  oriented.  Tney  focused  on  the  historical  development  of  the  specific  technologies  with 
special  attention  paid  to  key  individual  actors  and  organizations.  Credit  was  paid  to  those 
who  made  critical  contributions.  Relatively  less  attention,  however,  was  paid  to  cultural 
influences.  In  the  Japanese  presentations,  greater  attention  was  placed  on  the  irmovation 
process  and  the  key  barriers  which  needed  to  be  overcome.  There  was  less  separation  of 
technological  and  social  elements  in  the  Japanese  presentations,  and  they  were  more 
frequent  in  indicating  cultural  influences. 

The  final  area  of  observations  concerns  the  informal  discussion  sessions  which  ensued 
the  presentations.  There  were  relative  differences  between  the  Japanese  and  American 
participants  in  regards  to  the  occurrences  of  disagreement  and  the  use  of  criticism.  In  their 
comments  to  each  other,  it  was  not  uncommon  for  the  American  participants  to  disagree 
with  one  another  or  to  offer  criticisms  as  part  of  the  discussion.  These  types  of  comments 
were  generally  presented  as  individual  opinions  or  based  on  individual  experiences.  There 
was  a  greater  tendency  for  the  American  participants  to  focus  on  areas  of  disagreement 


rather  than  areas  of  agreement.  Among  the  Japanese  participants,  there  was  less 
disagreement  or  contradictions  offered  as  comments  to  the  presented  material.  The 
Japanese  participants  presented  descriptions  of  their  systems  or  experiences  (and  even 
admitted  problems)  but  never  criticized  each  other  or  their  insdmtions. 

Discussion/lnterpretation 

Undoubtedly,  much  more  took  place  at  the  symposium  than  has  been  described  in  the 
above,  rather  simplified  observations.  Furthermore,  many  influences  besides  cultural  ones 
obviousfy  played  a  role  in  determining  the  process  of  ^e  conference.^  Nevertheless,  as 
Japanese  and  American  cultural  influences  were  the  focus  of  the  symposium,  they  will  be 
my  focus  in  discissing  and  interpreting  the  above  observations.  Three  Japanese-American 
cultural  distinctions  will  be  discussed. 

First,  difierences  exist  between  Japanese  and  American  styles  of  group  formation.  In 
general,  Americans  tend  to  be  more  individually-oriented  and  the  Japanese  more 
group-oriented.  Fiuthermore,  Japanese  individuals  typically  restria  their  membership  to 
only  one  group,  while  in  the  U.S.  multiple-group  membership  is  both  accepted  and 
encouraged.  Second,  there  are  differences  in  communication  styles.  In  the  U.Sm  a  relatively 
higher  emphasis  is  placed  on  language  as  "the”  means  of  communication.  Furthermore,  the 
basic  American  assumption  concerning  language  is  that  "what  you  are  is  what  you  say."  In 
Japan,  the  basic  assumption  is  that  "what  you  are  is  how  much  you  say  as  well  as  when  you 
say  it"  (Kii  1985).  Thus,  Americans  and  Japanese  attach  different  levels  of  importance  to 
what  is  said,  how  it  is  said,  and  when  it  is  said.  In  regards  to  the  direcmess  of  interpersonal 
communication  styles,  Americans  value  openness,  egalitarianism,  and  "honesty”.  By  contrast, 
the  Japanese  tend  to  see  a  too  direa  style  of  communication  as  being  di^espectful  and 
discouneous.  Finally,  there  are  differences  in  styles  of  interpersonal  relations.  American 
interpersonal  relations  tend  to  be  dependent  on  individual  principles  and  are  hence  more 
adversarial  or  confix>ntationaL  Japanese  interpersonal  relations,  on  the  other  hand,  tend  to 
be  characterized  by  a  general  avoidance  of  confrontation  and  an  emphasis  on  harmony  and 
consensus. 

Based  on  this  brief  discussion,  it  is  apparent  that  an  understanding  of  Japanese  and 
American  cultural  differences  is  important  in  understanding  the  events  v^ch  took  place  at 
the  symposium.  Indeed,  many  of  the  general  cultural  characteristics  discussed  as  influential 
on  technological  ixmovadon  also  played  a  role  in  the  actual  process  of  the  symposium.  If 
the  symposium  is  itself  considered  as  an  iimovation,  then  the  form  finally  assumed  by  the 
symposium  may  be  seen  as  both  directly  and  indirectly  affected  by  the  cultural  assumptions 
brought  and  held  by  the  participants. 
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INFERENCE  DISCUSSIONS 


.  D.  Kingery,  University  of  Arizona 


Perhaps  the  most  valuable  aspect  of  the  conference  for  the  participants  were  ±e  many 
tcussions,  both  m  session  and  extra-session,  nucleated  by  the  formal  presentations.  We  do 
t  have  a  co^iete  transcr^  of  these  discussions  and  in  any  event,  many  were  cumulative 
their  e£fec%.  It  is  not  feasible  to  reconstruct  the  whole  meeting.  Separating  out  each  strand 
thought  would  leave  us  with  none  of  the  fabric.  We  have  collated  some  flavor  of 
icussions  in  relation  to  ten  frequently  occurring  topics,  ail  of  which  are  overlapping. 

UNGE 

It  might  be  inferred  from  some  of  the  discussions  that  Japanese  and  American  cultures 
d  technology  are  stable  islands  which  can  be  dissected  and  compared  at  one’s  leisure.  The 
posite  view  was  the  true  sense  of  the  conference.  There  was  general  accord  that  changes 
culture  and  changes  in  technology  are  rapid  and  equally  as  significant  as  any  stable 
ferences.  The  development  of  global  transportation  and  instantaneous  worldwide 
mmunication  provides  a  continuous  series  of  new  images,  styles  and  impressions  that 
eep  around  the  world  almost  instantly  and  have  a  strong  impact  on  technological 
lovation.  Professor  Longaae  described  how  changes  in  the  social  and  economic  context 
the  Kalii^  a  rural  tzibe  in  the  Philippines,  have  been  a  driving  force  for  innovation  in 
sir  ceramic  technology.  In  Japan  it  was  pointed  out  that  the  younger  generation  contains 
my  shingimu  who  are  not  accepting  the  classical  culture  of  hard  work  and  company  family 
u  is  the  standard  for  Japanese  over  thirQr.  Most  young  Japanese  lie  somewdiere  in  a  broad 
sctrum  between  the  shinginnd  and  the  Hg«iegl  saiary  man.  In  the  United  States  there  is 
nassive  cultural  TT^»rfnrmflfirin  as  RiaHrg^  Hispanics  Asian  immigrants  become  an 
Teasing  factor  in  our  society.  Half  of  the  graduate  students  working  on  technical  PhJD.’s 
the  United  States  are  foreign  and  it  is  problematic  to  talk  of  American  graduate  smdent 
bavior  under  these  conditions. 

There  has  been  a  globalization  of  manufacturing.  For  a  longer  time  there  has  been  a 
ibalizadon  of  science  and  there  is  rapidly  developing  a  globalization  of  engineering.  On 
fering  scales  at  different  places  in  the  world,  there  tends  to  be  a  globalization  of  culture, 
ere  was  a  consensus  that  the  influence  of  cultural  change  on  technological  innovation  is 
portant  and  would  be  a  worthy  topic  for  some  successor  conference. 

>MMUNICATION 

In  max^  of  the  discussions  of  innovation  in  reladonshzp  to  the  nature  of  feedback  loops 
ween  deagners,  manufacturers,  engineers,  customers,  the  reladonships  between 
xnifacturers  and  consumers  and  processes  of  tedmology  transfer,  the  importance  of 
nznunication  was  «nphaciw»H.  Questions  came  up  in  various  discussions  about  the 
ectiveness  of  communication  witl^  cultures  and  subcultures  and  also  between  cultures 
1  subcultures.  One  problem  in  evaluating  communication  is  the  different  concepts  and 
tges  evoked  in  different  cultures  by  the  same  terminology.  During  the  conference  it 
ame  dear  that  the  Japanese  involved  in  technological  iimovation  think  more  in  terms  of 
i&cts  than  the  Western  participants  who  are  more  related  to  research,  sdentiffc  findings 
I  publication.  A  conceptual  dfference  developed  by  Professor  Netting  is  the  idea  of 
deney.  Japanese  agriodture  is  extremely  effidem  in  terms  of  output  per  acre,  but  not 
tkalmly  effective  in  terms  of  output  per  unit  labor.  In  contrast  U.S.  agriculture  is  the 
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most  efBdent  in  the  world  in  tenns  of  output  per  unit  of  labor  but  relatively  low  in  terms 
of  output  per  acre.  In  general,  there  is  no  Japanese  equivalent  to  the  American  develop¬ 
ments  in  ef&dency  enginagring,  making  the  worker's  role  specialized  and  automatic  as  a  pan 
of  Frederick  Winston  Taylor’s  "scientific  managemenL"  Workers  at  all  levels  in  Japan  are 
more  generalists  and  less  spedaiists  with  a  concomitant  decrease  in  the  "e£5dency"  of  labor 
utilization.  Perhaps  this  is  related  to  the  very  strong  emphasis  in  Japan  on  robotics  and  the 
investment  in  automatic  maznifaccuring  machines. 

Partidpants  at  technical  meetings  are  well  aware  of  differences  between  the  American 
and  Japanese  presentations  and  discussions.  American  presenters  tend  to  be  full  of 
confidence,  emphasizing  differences  from  previous  speakers  or  results,  explaining  how  their 
results  are  new  and  exhibiting  an  eagerness  to  e:q)and  the  horizons  of  the  audience. 
Americans  are  good  at  accepting  criticism,  at  separating  the  self  from  the  idea.  They  are 
quick  to  express  opinions  and  eager  to  enter  disoissions  and  put  forth  new  ideas,  often  not 
weU  considered,  at  meetings  of  all  kinds.  Iq  contrast  the  Japanese  tend  to  be  much  more  self 
effaeing  in  their  technical  presentations  and  hesitant  about  putting  forth  criticisms  and 
offering  new  thoughts  which  have  not  been  thoroughly  considered.  It  has  been  suggested  that 
the  American  approach  is  an  exhibition  of  individualism  and  that  the  Japanese  behavior  is 
part  of  a  situational  approach  to  communication  in  which  a  harmonious  relationship,  the 
avoidance  of  conflict  is  seen  as  a  measure  of  sincerity  which  should  be  admired.  The 
Japanese  are  much  more  likely  to  identify  self  with  the  idea  and  consider  that  direct 
criticism  is  a  form  of  personal  rejection.  Where  Americans  might  see  the  opposite  of  honesty 
as  dishonesty,  Japanese  might  see  it  as  harmony.  Self  oriented  behavior  and  communication 
are  seen  by  Americans  as  signifying  positive  attributes  such  as  independence  and 
individuality  signifying  comrol  and  rationaiify  while  the  Japanese  might  see  the  same 
behavior  as  eccentric,  selfish,  disruptive  or  insensitive.  Japanese  prefer  modes  of 
communication  whidi  Americans  may  see  as  ambiguous,  inclusive  and  irrational. 

Much  has  been  made  of  the  fact  that  American  communication  is  verbal  in  which  being 
direct,  dear,  eiqjlidt  and  to-the^int  is  admirable.  In  Japan  communication  is  much  more 
ambiguous  with  an  emphayis  on  gesturing,  intonatitm  and  protocol  that  is  difficult  to 
translate  and  even  HifRaiit  for  foreigners  to  understand.  In  J^>anese  culture  there  is  a  major 
distinction  between  the  imgr  groi^  of  an  organization,  outAi  and  the  outer  world,  soto. 
Most  Japanese  very  mudi  warn  to  belong  to,  act  like,  and  deal  with  the  ouchi  but 
communicate  in  a  very  different  way  and  sometimes  seem  almost  oblivious  to  the  soto 
people,  indudinggm^  But  we’re  also  warned  not  to  make  too  much  of  these  distinctions 
in  tecfanologicai  interactions. 

Oth^  deep  differences  in  cultural  conceptions  can  lead  to  difficulties  in  communication. 
As  has  been  mentioned,  individualism  is  valued  in  American  eyes  as  signifying  independence 
and  self  control,  but  may  be  more  often  equated  with  disruption,  insensitiviry  and  selfishness 
in  a  Japanese  view.  Democracy  in  American  eyes  is  majority-rule,  the  result  of  confrontation 
and  choice.  America  goes  to  war  on  the  basis  of  a  52-48  vote.  In  contrast,  Japanese  see 
democrat  as  a  process  of  obtaining  consensus  of  as  masy  people  as  possible,  of  trying  to 
get  the  48  to  join  the  52.  For  Americans,  freedom  is  to  presented  with  options  and 
selections  and  choices  that  one  may  choose  froxn;  in  Japan  it  is  more  a  matter  of  reaching 
harmony  within  one’s  self  and  one’s  enviromnem. 

The  American  emphasis  on  the  straightforward  spoken  word  may  be  related  to  the 
broader  distribution  of  attributes,  education,  family,  culture,  language  and  national  origins 
amongst  its  population.  In  Japan  most  traits  have  a  much  narrower  distribution  so  that  an 
ambiguous  mode  of  communication  can  be  effective. 
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APANESE  AND  AMERICAN  COMMUNICATION  STYLE* 


'oshi  Kii,  Georgia  State  University 


PexsonaliQr  difEerences  among  individuals  aside,  there  appear  to  exist  discerzuble 
ifferences  in  the  communication  styles  of  Japanese  and  Americans.  Stereotypically  or  not, 
apanese  see  Americans  as  open,  frank  and  expressive  and  Americans  often  consider 
apanese  to  be  reserved,  cautious  and  indirecL  Some  of  the  behavioral  differences  can  be 
xplained  by  cultural  values. 

lasic  Difference  in  Styles 

S^-assaiivatess  behavior  Americans  consider  a  self-assertive  communication  style  good 
ecause  it  symbolizes  individuality,  independence,  autonomy,  and  even  competency,  which 
hey  5nd  valuable  assets  in  people.  Japanese,  on  the  other  hand,  often  perceive  a  self- 
ssertive  communication  style  as  arrogant,  insensitive,  egocentric,  and  even  disruptive. 

It  is  a  matter  of  degree,  of  course.  Too  much  self-assertive  behavior  may  be  considered 
bnoxious  among  Americans.  And  well-controlled  self-assertive  behavior  yields  a  manner 
f  comfortable  self-confidence  ^ch  is  considered  positive  by  Japanese.  However,  what  is 
onsidered  an  acceptable  self-assertive  style  of  interpersonal  communication  among 
unericans  often  becomes  an  arrogant  and  insensitive  maimer  among  Japanese.  Why? 

It  seems  that  there  are  two  different  ways  of  evaluating,  examining,  and  sizing  up  the 
eople  with  whom  you  interacL  The  American  assumption  is  that  what  you  are  is  what  you 
vy.  Under  this  premise  you  must  talk,  interestingly  enough  so  that  others  will  judge  you 
ositively.  If  you  are  too  reserved  to  speak  out,  you  are  often  judged  to  be  uninteresting  or 
iss  sociable,  or  to  have  nothing  to  conaibute. 

The  Japanese  premise  holds  that  what  you  are  is  how  much  you  say  as  well  as  when  you 
ay  it.  In  this  case  you  must  take  into  consideration  the  interacting  others— their  social 
ositions  and  demeanors.  It  is  not  just  what  you  ba^  to  say  that  is  a  criterion  for  judging 
ou.  In  fact,  when  and  how  you  s^  it  is  more  important  tham  what  you  say.  Adjusting  your 
iterpersonal  communication  style  to  a  given  situation  is  of  the  utmost  importance  because 
is  important  to  show  a  concern  for  harmony  with  and  sensitivity  to  others.  Even  if  you 
ave  a  definite  opinion  and  idea  about  whatever  topic  is  under  discussion,  you  will  be 
ansidered  more  sensitive  and  responsible  if  you  are  not  forthright  and  eager  to  convey  your 
istinctiveness. 

Dinaness  Americans  tend  to  be  direct  in  their  interpersonal  communication  styles.  In 
le  American  value  ^stem  directness  symbolizes  such  positive  traits  as  openness, 
j^tahanism,  and  even  honesty.  Japanese,  on  the  other  hand,  tend  to  see  direa  style  of 
Iterpersonal  communication  as  disrespectfiil  and  discourteous.  They  often  use  an  indirect 
yle,  as  it  signifies  respect  for  and  polite  attitudes  toward  others.  But  most  of  all,  it  is  highly 
alued  among  Japanese  because  it  is  l  onconfirontadonaL  Japanese  are  highly  sensitive  to 
snfrontational  situations,  and  they  will  avoid  them  at  almost  any  cost  Indirectness  certainly 
)ftens  a  potential  confrontation  which  may  lead  to  a  conflicL  Americans,  however,  see 
uiirect  styles  of  posonal  comnnmication  as  inefBdent,  manipulative,  and  even  cowardly. 
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Opemess  Americans  value  openness  in  interpersonal  communication,  even  when  the 
people  involved  are  just  getting  acquainted.  Oj^nness  symbolizes  trust,  kindness,  and 
optimism  about  the  relationship  they  might  develop.  This  is  one  thing  Japanese  are  often 
baffled  about  when  interacting  with  Americans.  Americans  are  not  inhibited  in  talking  about 
family  life,  personal  matters,  and  likes  and  dislikes  about  work,  even  with  people  they  do 
not  imow  welL  Japanese  often  consider  this  openness  shallow,  a  sign  that  the  speaker  is 
insignificant  anrj  even  insincere.  Why  are  yOU  opening  up  to  me  SO  fast?  I  don’t  even  know 
you.  Can  I  trust  this  person?  Japanese  are,  thus,  cautious  in  their  interpersonal  communica- 
don  styles.  Cautiousness  signifies,  in  the  Japanese  culture,  patience,  dependability,  and 
sincerity. 

Understanding  thmugfi  lope  Japanese  certainly  aspire  to  understand  through  reasoning. 
But  as  a  basis  for  interpersonal  communication,  too  much  logical  reasoning  is  often 
considered  threatening,  confrontadonaL,  and  argumentative.  Japanese  tend  to  base  their 
understanding  of  people  on  intuidon  and  a  considerable  amount  of  emodonality.  They  have 
a  tendency  to  avoid  logical  argument  to  achieve  a  sense  of  understanding.  Americans,  on 
the  other  hand,  try  to  use  logic  because  it  gives  them  a  sense  of  control  and  radonality. 
Intuidve  understanding  of  a  situadon  without  this  analydcaJ  exercise  would  leave  them  with 
a  sense  of  inconciusiveness,  acquiescence,  and  irradonality. 

Behavior  and  Language  are  Products  of  Culture 

I  would  like  to  make  a  final  comment  on  the  Utility  of  language.  Language  is  a  tool  for 
communicadon,  but  it  is  also  a  product  of  culture.  In  sense  language  delimits  the  range 
as  well  as  the  content  of  expression  that  is  permissible  in  the  culture  in  which  the  language 
is  used.  The  English  language  is  basically  egalitarian.  It  does  not  difierendate  among 
individuals  in  terms  of  the  range  of  expressions  they  may  use,  because  the  language  reflects 
the  egalitarian  value  of  the  culture.  The  Japanese  language,  on  the  other  hand,  is  hierarchi¬ 
cal— refieedng  the  human  reladonships  of  a  verdcal  society,  and  limits  the  permissible  range 
of  expression  according  to  the  status  of  the  speaker.  In  English,  what  makes  interpersonal 
communicadon  dek  is  primarily  the  content  of  what  is  being  communicated.  Hie  primary 
emphasis  and  concern  in  interpersonal  communicadon  in  Japanese  is  the  manner  by  which 
the  content  is  communicated,  taking  into  account  the  hierarchical  order  of  the  people 
involved. 

It  is  facrinating  to  observe  that  Japanese  who  speak  English  fluently  are  quite  open, 
straightforward,  and  frank  when  speaking  F-nglLsh  but  reserved,  formal  and  ^udous  when 
speaking  in  Japanese.  The  language  they  are  using  reflects  the  values  of  the  culture  in  which 
it  is  spoken. 


METAPHORS 

Brian  Pfaffenberg^r  has  suggested  that  the  metaphors  with  which  we  communicate  can  tell 
us  a  good  deal  about  the  underlying  cultural  assumpdons  within  which  we  funedon.  During 
the  conference  discussioDS  Americans  tended  to  discuss  group  acdon  in  terms  of  a  team  of 
individuals  whose  objea  is  simply  to  win.  In  contrast  Japanese  speakers  use  metaphors 
related  to  a  family  structure,  even  though  the  groups  of  men  emtedded  in  the  company 
structure  are  not  a  family  in  the  tradidoiml  sense.  A  number  of  the  metaphors  that  have 
come  up  in  the  conference  discussions  are  collected  in  Table  1. 
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Table  1.  Root  Metaphors 


U.S. 


Japan 


jroup 

Team  of  Indadduais:  Object; 
to  win  by  any  means 

Famify;  Object  is  to  win  through 
technologic^  superiority  while 
keeping  people  happy 

Motivation 

Individual  ego-fulfiUment 

Group  spirit 

Production 

iystem 

A  machine  that  must  be 
controlled 

A  social  organization  that  should 
grow 

rechnolcgy 

Economics:  The  measure  of  its 
success  is  profit  and  avoidance 
of  liability 

Culture'.  The  measure  of  its 
success  is  profit  and  the 
enrichment  of  human  experience 

Company 

Stage  where  the  root  conflicts 
are  carried  out 

Ritual  where  conf  let  directly 
endangers  spiritual  well-being 

Corporate 

ttrucrure 

Physical  system  that  can 
changed  only  with  great 
difficulty 

Social  system  that  should  be 
sensitively  and  aeatively 
adjusted  to  new  situations 

Communication 

Verbal  mechanism  to  be  judged 
by  its  efficiency 

Expression  of  group  identity  and 
solidarity 

^thropology 

Tool  that  could  prove  useful  for 
science  and  industry 

Map  that  locates  the  human 
being  in  the  universe 

burce:  Brian  PfafEenberger  with  acknowledgements  to  S.  Kline  and  E.  Poncelet 


In  Japan  it's  suggested  that  the  development  of  group  spirit,  social  organizations,  the 
iea  of  company  as  ritual,  corporate  structures  as  so^  system  are  strengthened  by 
apanese  partidpation  in  male  bonding  rituals  whidi  lead  to  work  related  cohesion  and 
ommon  goal  setting  not  often  seen  in  the  American  woriq)lace.  Similar  activities  in  the 
Jnited  States  occur  in  other  aspects  of  the  society.  Tins  suggests  that  when  work  groups 
ivotve  many  people  from  a  variety  of  backgrounds  and  also  both  men  and  women,  there 
lay  be  new  modes  required  for  obtaining  effective  harmonious  work  groups. 

HE  CONCEPT  OF  do 

Kazuo  Kobayasbi  proposes  that  various  aspects  of  Japanese  culture  such  as  religion, 
ducation  system,  family  relationships,  social  system,  etc  have  an  influence  on  the  way  of 
irinking  and  Japanese  attitudes  towani  research,  development  and  innovation.  Among  many 
ictms  the  ktea  of  do  should  be  mentioned. 


Ju^  is  'nWa  popular  Olympic  game.  There  are  many  traditional  sports  and  arts  which 
are  named  something-do  in  Japan.  For  example,  there  are  Ken-do  (Jt^anese  swordsmanship 
or  Japanese  fencing),  Kyu-do  (Japanese  archery),  lai-do  (sword  manner)  jyodo  (stick 
fighting),  Karate-do,  Sumo-do,  etc.  in  traditional  Japanese  sports  and  Ka-do  (flower 
arrangement),  Sa-do  (tea  ceremony),  Syo-do  (Japanese  calligraphy),  etc.  in  traditional 
Japanese  arts.  Do  means  way  or  road  in  Japanese  and  the  meaning  extends  in  a  wide  sense 
to  pursue  a  way  of  life  or  to  cultivate  one’s  spiriL  Do  seems  to  imply  a  sense  of  Zen. 

Important  points  of  modem  sports  are  to  win  the  game  or  achieve  a  goal  which  come 
from  techniques  and  fighting  spirit  as  seen  in  Olympic  games.  In  addition  to  those  points, 
Japanese  traditional  sports  place  great  importance  on  manner,  politeness,  respect  and  spirit 
of  hannoi^  and  cooperation.  This  seems  similar  to  old  western  chivalry.  So  do  in  sports  and 
arts  is  a  way  to  cultivate  personaliQr,  to  learn  marmers,  fellow-feeling,  thoughtfulness,  etc 
Therefore,  parents  in  Japan  want  their  children  to  learn  Ju-do,  Ken-do,  etc  We  can  think 
in  a  similar  way  of  golf-do,  business-do  and  research-do. 

"According  to  my  personal  opinion  (Dr.  Kobayashi),  Japanese  generally  have  a 
tendency  to  tackle  their  jobs  not  only  as  work  and  not  only  for  salary  but  also  to  pursue  a 
way  of  Ufe  to  approach  a  perfea  person.  The  idea  of  do  seems  to  be  present  even  in  the 
research  works  of  Japanese." 

* 

THE  COMPLEXITY  OF  SOCIO-TECHNICAL  SYSTEMS 

The  scientist/engineer  participants  at  the  conference  sometimes  found  it  difficult  to 
escape  from  traditional  internalist  linear  histories  of  successive  discoveries  and  innovation. 
The  conference  began  with  Stephen  Kline’s  discussion  of  the  complexity  of  socio-technical 
systems  and  the  inadequacy  of  a  linear  research-development-manu&cturing-marketing 
sequence  to  account  for  actual  system  behavior.  Time  and  again  participants  reiterated  the 
need  for  considering  behavior  and  innovation  in  the  context  of  complexity. 

Stephen  KUne  described  attending  a  scmnai  where  it  was  suggested  that  since  the 
principles  of  science  were  socially  constructed,  they  are  therefore  relative.  That  doesn’t 
follow  because  the  principles  of  hard  science  only  involve  a  small  number  of  variables  and 
are  subject  to  strict  reductionist  mathematical  tests  of  verificatioa  That  is  not  true  of 
technological  innovation  and  practice  which  are  activities,  not  principles.  People’s  behavior 
and  perceptions  are  integral  to  the  process  and  create  a  ^tem  of  immense  con^lexi^  in 
which  multiple  feedback  loops  and  learning  by  doing  require  flexible  non-dogmadc  and 
adaptive  approaches  rather  than  dedication  to  fixed  principles  and  procedures. 

In  general,  participants  thought  that  when  Americans  used  charts  to  illustrate  social 
relationships,  they  were  simple  and  had  definite  linear  lines  of  authority.  In  contrast, 
Japanese  charts  were  complex  and  difficult  to  understand  at  first  sight,  because  they  showed 
multiple  social  relationships  and  many  cross-linkages  and  feedback  loops.  Also,  American 
descriptions  of  technical  contributions  tended  to  focus  on  individual  achievements.  After  all, 
there  is  a  deeply  embedded  scientific  tradition  of  crediting  one’s  predecessor.  The  Japanese 
were  perceived  as  giving  more  organizitional  credit  and  not  mentioning  disciplinary  lines  of 
development  From  another  viewpoint  the  Japanese  were  seen  as  more  use  oriented. 

Somehow  this  developed  into  discussions  of  research  funding.  As  discussed  elsevdiere, 
Japanese  research  funding  has  generally  been  for  a  group  activity  with  a  relatively  long  term 
commitment  and  is  preceded  by  under  the  table  testing  of  new  ideas  and  then  by  extensive 
consensus  building  amongst  a  wide  range  or  different  viewpoints.  American  funding  tends 
to  be  developed  by ’an  individual  champion  of  himself/herself  or  a  team  preparing  a 
proposal  without  much  outside  interaction.  After  all,  it’s  their  idea,  their  intellectual 
property.  As  a  result,  many  of  the  Americans  saw  U.S.  funding  policies  as  erratic, 
unpredictable  and  ineffective  in  building  the  continuity  and  cooperation  necessary  for 
technological  innovation  (as  opposed  to  basic  science). 
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NOVATION  AS  A  PROCESS 

The  conference  focused  on  advanced  materials  discovery  and  development  prior  to 
nmercial  innovation  (high  temperature  oxide  superconductors),  on  adviced  materials 
entions  and  innovations  in  nascent  commercialization  (diamond  films)  and  in  infant 
iustries  (silicon  nitride  structural  ceramics).  In  all  of  these  example,  many  of  the 
iference  discussions  enyhasized  that  we  must  keep  in  mind  that  the  development  of 
nmercial  products  with  advanced  materials  is  a  long-term  process.  Active  development 
rk  with  silicon  nitride  began  twenty  years  before  the  first  commercial  application.  Another 
ade  passed  before  complex  automotive  parts  entered  the  market  place.  Commercial 
rkets  for  diamond  films  are  just  begmning  some  ten  years  after  the  critical  innovation  of 
rwth  on  non-diamond  sobstnoes  was  achieved.  Four  years  of  intense  research  have  not 
led  to  significant  commercial  applications  of  high  temperature  oxide  superconductors. 
Several  lines  of  discussion  arose  from  the  idea  of  innovation  as  a  process.  One  obvious 
lie  was  the  Japanese  commitment  to  long-term  programs  and  their  success  in  commercial 
>duction  of  silicon  nitride  auto  pans.  This  stands  in  sharp  contrast  to  the  American 
)erience.  In  order  to  have  commercial  development  it  is  thought  necessary  to  have  a 
•tomer  requirement  that  is  matched  by  an  appropriate  level  of  manufacturing  technology, 
jstantial  government  involvement  occurred  in  the  American  DARPA/Ford/Westinghouse 
>gram  that  has  been  described.  It  was  a  successful  demonstration  with  little  prospect  for 
iy  commercialization.  Materials  suppliers  were  subcontractors  or  vendors  and  corporate 
ivitiet  pretty  much  ended  when  government  funding  ended.  In  contrast,  after  the  oil  shock 
1973  a  number  of  successive  programs  were  initiated  in  Japan  where  a  national  consensus 
^eloped  with  regard  to  high  technology  fing  ceramics  of  all  kmrf'g,  mcluriing  structural 
amics.  The  government  (MTIT),  narional  laboratories  and  corporate  research  participated 
what  amounted  to  a  coordinated  but  conq)etitive  program.  One  of  the  k^  teehniea] 
ovations  was  pressure  sintering  which  evolved  in  a  national  laboratory  (NIRIM). 
velopment  of  commercial  equipment  at  NGK  Spark  Plug  was  supponed  by  the 
^eminent  whiefa  subsequently  was  repaid  through  royalties.  Kyocera  with  Isuzu  and  NGK 
irk  Plug  with  hHssan  had  long-term  joim  development  prrograms  that  were  ultimately 
cessfhL  Kyocera  developed  a  slip  casting  process  using  a  liquid  slurry  in  a  mold  to  form 
oplex  shaj^;  NGK  Spark  Plug  developed  a  very  diffemt  injection  molding  process.  The 
ensive  networking  and  interactions  between  the  privr  nd  public  sector,  the  long-term 
omitment  of  all  parties,  long-term  relationships  betv  ceramic  producer  and  engineer 
nufacturer  cannot  be  explained  by  something  so  simpic  as  cost  of  capitaL  Rather  it  seems 
t  there  is  a  national  Japanese  commitment  to  successful  innovation,  to  learning  by  doing 
1  perhaps  to  both  natumal  and  corporate  market  share.  This  stands  in  sharp  contrast  to 
American  commitment  to  short-term  profits  and  short-term  stock  holder  interests.  As 
t  of  the  picture,  some  discussions  emphasized  the  continuing  series  of  corporate 
aucturing  during  the  80’s.  Othen  saw  the  low  level  of  American  employee  loyalty  to 
apany  and  company  to  employee  as  favoring  shon-term  projects  in  the  U.S.  environmenL 
Another  aspect  of  iimovation  as  process  was  seen  as  tte  danger  of  following  the  model 
dence  history  and  identifyix^  founding  fathers  and  then  tracing  the  record  through  their 
riniscences  (as  we  have  largely  done).  An  inevitable  bias  of  linearity  develops  which  tends 
minimize  the  false  starts,  feedback  loops,  uneven  progress  and  cumulative  quality  of 
mological  history  wfafle  over-emphasizing  breakthroughs.  It  is  thought  we  need  more  data 
lut  information  transfer  via  graduate  smdents  ard  post-docs,  more  information  about  the 
aries  of  peer  review  and  the  personal  nature  of  interactions  between  researchers  and 
aag^  as  well  as  researchen  and  sponsors.  John  Ogren  mentioned  the  impo  'mce  of  a 
f  game  in  initiating  TRW-Kobe  Steel  joint  ventures.  In  a  similar  vein  Rob<t.  t  Adams 
ted  John  Reed,  CEO  of  the  Qticorp  as  saying  "Bob,  nobody  knows  the  importance  of 
!  games."  David  Laxbalestier  emphasized  the  importance  of  people  in  the  history  of 
erccmdttctms.  All  (tf  this  emphasizes  that  we  are  jim  beginning  to  scratdi  the  surface  of 
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the  rich  context  of  social  organization,  personal  behavior  and  personal  perceptions  as  they 
affea  the  on-going  process  of  technological  innovation. 

With  regard  to  process,  Robert  Adams  suggested  that  by  all  means  the  most  innovative 
approach  to  museum  design  in  the  United  States  is  the  one  taken  in  San  Francisco. 
Exhibitions  are  designed  with  what  we  are  beginning  to  think  of  as  "Japanese"  process. 
People  who  want  to  develop  an  exhibit  begin  with  a  learning  experience  by  bringing  in 
specialists  from  a  wide  range  of  diverse  fields.  Then  a  multi-faceted  design  team  including 
high  school  smdents  (the  ultimate  customers)  works  as  an  unstratified  group  involving 
intense  iteration  and  feedbadc  from  people  w^^ning  through  and  using  the  exhibit.  The  result 
is  often  entirely  imnntigfpat^,  and  ^e  methodology  is  becoming  a  shining  example  for  the 
museum  world. 

GOALS,  PLANS,  AND  OBSTACLES 

National  goals  in  the  United  States  and  Japan  are  set  within  a  cultural  framework  of 
shared  perceptions  tha*  pervade  the  corporate,  political  and  legislative  realms.  In  the  United 
States  a  major  share  of  research  and  development  funding  for  technological  innovation  is 
focused  in  the  Department  of  Defense  and  its  support  fpr  the  military-industrial  complex. 
Goals  are  measured  in  terms  of  weapon  systems  which  impact  the  advanced  materials 
community  in  the  form  of  material  specifications  set  by  weapons  designers.  The  overall  cost 
of  defense  systems  is  such  that  materials  costs  are  but  a  drop  in  the  ocean.  The  ultimate  in 
performance  is  the  objective  rather  than  any  concerns  with  economy.  Other  American  goals 
for  research,  developmem  and  technological  innovation  are  the  health  system  in  a  country 
with  a  rising  fraction  of  older  citizens,  energy  conservation  programs  and  environmental 
protection.  With  regard  to  commercial  technological  innovation  the  accepted  myth  in  the 
United  States  is  that  the  suppon  of  basic  research  will  automatically  lead  to  applied 
research,  advanced  technology,  improved  manufacturing  and  the  development  of  marketable 
products  and  a  strengthened  economy  along  with  an  improved  quality  of  life.  There  is  an 
explicit  faith  that  with  this  source  of  basic  science  dist^eries  the  business  of  industrial 
innovation  is  best  left  to  industry.  The  net  result  is  that  there  is  no  American  consensus  or 
policy  for  purely  technologic^  goals  outside  the  special  fields  of  military,  energy 
conservation,  environmental  protection  and  health  research. 

By  contrast,  in  Japan  there  is  an  explicit  national  consensus  and  governmental  policy 
aimed  at  expansion  of  the  economy,  improvement  in  the  trade  balance  and  placing 
mamifagniring  industry  at  the  catting  of  technological  development  in  preparation  for  ±e 
future.  Japan  is  a  small  island  economy  without  many  natural  resources  and  there  is  strong 
national  consensus  among  ordinary  people,  corporations,  bureaucrats  and  legislatures  to 
actively  support  what  we  might  call  the  economic-trade-industry  complex.  This  has  led  to 
extensive  cooperation  of  government  agencies  and  national  laboratories  with  industry  and 
the  development  of  plans  for  technological  development.  It  has  led  to  a  consensus  that  the 
consumer  is  the  ultimate  judge  of  innovative  success  rather  than  the  designer.  It  introduces 
a  much  broader  range  of  concerns.  Within  this  national  consensus  the  primary  goal  of 
marnifarturing  companies  is  focused  on  market  share,  as  the  governmental  goal  is  based  on 
national  marto  share.  Future  position  in  the  market  is  more  important  than  current  short¬ 
term  profits.  As  a  result,  it  is  rational  to  have  a  much  larger  effort  devoted  to  technological 
innovation  than  would  otherwise  be  the  case.  The  corporate  goals  in  the  United  States  have, 
during  the  1980's,  increasingly  focused  on  stockholder  return  and  shon-term  profits  as 
opposed  to  long-term  objectives.  This  has  decreased  the  impetus  for  the  development  of 
long  range  technical  innovation  efforts. 

Within  these  national  goals  developed  on  the  basis  of  cultural  perceptions  of  national 
interest,  the  American  plan  has  been  to  focus  on  science  as  the  source  of  new  technology. 
In  the  Second  Worid  War  the  physics  community  contributed  in  a  major  way  to  the 
developmem  of  radar,  weapons  systems  and  the  atom  bomb.  A  myth  was  generat^  which 
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a  strong  American  cultural  commitment  that  basic  science  and  America  being  Number 
One  in  basic  science  is  the  road  toward  successful  technology  and  national  welfare.  In  the 
light  of  the  importance  of  science  two  foci  have  developed.  One  is  the  support  of  big  science 
in  the  form  of  superconducting  super  colliders  and  space  observatories.  The  second  focuses 
on  the  importance  of  individual  invention  and  the  support  of  individual  scientists.  For  this 
group  the  choice  of  problems  is  very  individualistic  and  subject  primarily  to  peer  review  of 
people  in  the  same  field.  As  a  result,  there  is  no  significant  overall  plan  with  regard  to  the 
influence  of  science  on  technology  innovation.  NSF  project  managers  have  told  me  plainly 
that  their  directive  is  to  select  the  best  science  independent  of  potential  technical  outcomes. 
This  is  different  in  the  region  of  defense  research  in  which  the  development  of  products  has 
led  to  advanced  materials  studies  focused  on  particular  performance  capabiliQr  desired  by 
weapons  designers.  Composites,  for  example,  which  have  a  combination  of  high  strength 
and  light  weight,  are  particularly  desirable  for  many  weapons  systems  and  have  been  the 
subject  of  much  weapons-related  materials  research.  Health  research  is  another  special  field 
in  which  the  clinical  component  and  the  development  of  applied  medical  technology  and 
diagnostic  systems  have  received  a  high  level  of  support.  Much  of  the  basic  research  in  the 
health  field  is  identified  with  particular  diseases  and  disease  mechanisms. 

The  national  consensus  in  Japan  on  developing  manufacturing  capability  as  a  principle 
component  of  economic  and  trade  objectives  has  led  to  a  focus  on  technology  and  artifacts 
as  the  source  of  new  innovation  as  opposed  to  basic  science  and  military'  devices.  The  choice 
of  problems  has  been  much  less  individualistic  than  the  United  States  and  is  coordinated 
with  consensus-seeking  interactions  of  government,  industry,  national  laboratory  and 
university  participants.  The  development  of  a  coi^nsus  for  a  plan  of  research  has  been 
followed  by  effective  aaion  in  which  there  is  also  strong  networking  amongst  the  different 
constimencies.  The  overall  plan  involves  a  good  deal  of  learning  by  doing.  In  advanced 
materials  this  can  be  seen  in  the  production  of  trivial  products  such  as  zirconia  scissors  and 
knives  and  advanced  silicon  carbide  and  silicon  nitride  eyelets  for  fishing  poles  which  are 
of  little  market  value  in  themselves  but  provide  e}q>erience  in  developing  manufacturing 
equipment  and  manufacturing  techniques.  This  consensus  of  purpose  has  also  led  to 
cooperative  endeavors.  We  have  mentioned  the  relationship  between  ceramic  producer 
Kyocero  and  automobile  manufacturer  Isuzu  and  a  similar  arrangement  between  NGK 
Spark  Plug  and  NissatL 

In  the  conference  discussions  a  number  of  specific  obstacles  toward  achieving  planned 
objeaives  and  goals  were  discussed.  Since  the  more  frustrated  and  more  forthcoming 
discussants  tended  to  be  Americans,  most  of  the  discussions  were  about  difficulties  in 
American  research.  A  number  of  people  proposed  that  government  regulations,  particularly 
with  regard  to  product  liability  and  antitrust  requirements,  had  a  dampening  effea  on 
technological  irmovation.  A  number  of  people  mentioned  new  products  with  a  potential 
liability  for  which  large  corporations  had  formed  new  company  entities  divorced  from  the 
mother  company  so  that  the  potential  liability  would  be  lessened.  Other  products  in  which 
liability  problems  seem  significant  were  kept  from  the  market.  There  was  seen  to  be  in  the 
development  of  American  research  projects  a  focus  on  design  and  characterization  of 
performance  as  opposed  to  processing.  The  general  paradigm  for  Materials  Science  and 
Engineering  is  that  processing  and  materials  synthesis  lead  to  properties,  compositions  and 
struaures  which  in  turn  give  rise  to  performace.  In  Japan  there  has  been  a  much  larger 
emphasis  on  processing  and  processing  equipment  which  has  led  to  a  higher  rate  of 
technological  innovation  in  the  field  of  advanced  materials.  It  is  often  thought  that  there  is 
a  rigidity  of  purpose  in  American  development  programs  and  an  unwillingness  to  network 
with  other  researchers  and  change  course  in  midstream.  There  is  a  tendency  to  suggest  that 
one  model  fits  all  conditions  while  in  reality  technological  innovation  requires  a  flexibility 
of  programs  in  order  to  adapt  to  the  complexity  of  systems  behavior,  ^me  participants 
regarded  the  university  tenure  system  which  depends  entirely  on  individual  productivity  as 


being  harmful  to  interdisciplinary  work  at  universities  such  as  Materials  Science  and 
Engineering  requires. 

There’s  general  agreement  that  a  long  time  is  required  for  the  development  of 
commercial  innovation.  This  is  seen  in  the  materials  discussed  at  the  conference  but  it  is 
also  exemplified  by  transistor  development,  charge  coupled  devices  development, 
superconductor  wire  technology  and  a  host  of  other  technological  iimovations.  The  short 
time  frame  of  return  for  stockholders  mentioned  by  a  number  of  American  participants  was 
not  repeated  by  Japanese  who  instead  represented  company  interests  as  being  more 
identified  with  the  employees  than  with  stockholders.  Tlie  shon  range  lead-time  of  American 
research  created  a  difficulty  in  that  there  was  a  perception  of  continually  changing  targets 
that  prevented  technical  innovations  from  ever  reaching  the  mamifagtiiring  stage.  \\^tever 
the  source,  there  clearly  emerged  feelings  of  frustration  about  the  progress  of  American 
technological  innovation  that  were  not  matched  by  our  Japanese  colleagues. 

CORPORATE  STRUCTURE  AND  CUSTOMER  RELATIONSHIPS 

Corporate  structure  has  already  been  discussed  to  a  great  extent  in  the  section  on 
Management  of  Innovation.  The  participants  present  at  the  meeting  represented  Hitachi, 
Sony,  DuPont,  3M,  NGK  Spark  Plug  and  American  Superconduaor  Co.,  all  of  which  have 
been  very  successful  at  technological  innovation.  It  seems  that  many  individual  companies 
in  the  United  States  and  in  Japan  are  successful  in  the  initial  stages  of  invention  represented 
by  high  temperature  oxide  superconduaors.  There  seems  to  be  general  equivalence  in 
corporate  results.  In  the  diamond  film  nascent  industry  Japanese  companies  became 
involved  earlier  because  the  key  technological  innovation  of  diamond  deposition  on  non¬ 
diamond  films  occurred  in  Japan  and  Japanese  companies  had  a  head  start  In  the  infant 
industry  of  silicon  nitride  structural  ceramics,  the  long-term  process  of  development  has  led 
to  the  Japanese  being  clearly  in  the  lead  with  their  manui^cturing  capabilities.  In  a  field 
with  uncertain  commercial  prospects  they  have  been  willing  to  stay  the  course. 

Many  discussions  focused  on  the  long-term  process  of  developing  new  technological 
innovations  from  a  nascent  to  a  commercial  stage.  This  was  thought  to  present  problems  for 
small  venture  units  in  that  long-term  support  was  required  in  ath^ce  of  generating 
significant  income,  particularly  for  advanced  materials  developments.  This  has  a  number  of 
consequences.  In  the  United  States  long  time  support  for  venture  efforts  has  been  provided 
from  mission-oriented  units  of  the  Department  of  Defense  and  also  by  companies  like 
General  Electric  and  IBM  with  large  systems  that  justify  substantial  research  on  advanced 
materials.  In  Japan  corporate  structure  has  led  to  many  large  corporations,  of  which  Hitachi 
is  one  example,  to  be  involved  in  a  variety  of  systems  developments  that  make  long-term 
research  support  appropriate.  Also,  Japanese  companies  are  more  concerned  with  market 
share  and  there  is  a  corporate  culture  viewing  the  company  as  a  family  in  which  continuity 
and  employee  well-being  are  primary  goals.  In  contrast  American  companies  are  required 
by  financial  markets  to  be  much  concerned  with  current  profits  and  the  1980's  binge  of 
takeovers  and  job  changes  of  corporate  executives  has  further  reduced  any  corporate  feeling 
of  family.  There  are  exceptions  on  all  sides,  of  course. 

Another  factor  affecting  innovation  as  a  long-term  process  is  the  difference  in 
employment  practices.  In  the  United  States  employment  is  by  contract  with  the  employer 
or  employee  terminating  almost  at  will  As  a  result,  employee*-  tend  to  move  from  one 
company  to  another  when  better  opportunities  are  presented.  Under  these  circumstances 
it  is  rare  for  corporations  to  send  their  personnel  to  universities  or  national  laboratories  or 
other  corporations  for  periods  of  outside  training.  In  addition  the  team  orientation  with  a 
team  leader  and  the  necessity  to  continue  operations  makes  it  uncertain  whether  a  job  will 
be  available  to  such  an  employee  coming  back  to  the  corporation.  This  decreases  to  a 
substantial  extent  any  real  person  to  person  continued  interaction  with  outside  groups  that 
might  provide  different  points  of  view  or  new  experiences.  Employee  specialists  are  optimum 
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or  both  con^ai^  and  employee.  In  contrast,  the  long-term  employment  practice  in  Japan 
nd  also  the  organization  of  work  in  groups  that  have  a  variety  of  skills  and  a  consensual 
pproach  toward  their  objectives  makes  it  easy  for  Japanese  employees  to  take  a  year  or 
lore  off  to  attend  graduate  school,  work  as  researchers  at  a  university  or  national 
iboratory  or  even  with  a  non-competitive  company  to  increase  skills  and  breadth  of  their 
xperience.  In  the  Japanese  environment  a  generalist  approach  toward  job  responsibilities 
nd  activities  is  encouraged  by  the  systeuL  This  differentiation  between  specialists  and  a 
;eneraiists  cuts  both  ways,  of  course. 

An  inqxjrtant  &ctor  in  innovation  has  been  shown  to  be  the  strength  and  extent  of 
eedbadc  ffmn  users  and  customers  as  to  the  performance  of  products  and  modifications  in 
he  use  technology  which  should  affect  product  design  and  manuhacture.  In  Japan  the  long 
erm  vertical  interaction  and  close  relationships  of  suppliers  and  customers  has  provided  a 
auch  more  effective  feedback  system.  Several  times  during  the  conference  the  relationship 
f  NGK  Spark  Plug  with  Nissan  and  Kyocera  Corporation  with  Isuzu  was  mentioned.  These 
aieracdons  developed  and  encouraged  feelings  of  trust  and  commitment  that  are  hard  to 
aaagine  on  the  American  scene  where  multiple  suppliers  has  been  a  guiding  principle.  Dan 
lutton  of  Dupont  Japan  pointed  out  that  In  Japan  our  technical  people  are  constantly  with 
ustomers"  and  the  technical  service  representative  and  researcher  are  the  same  person.  The 
esearcher  visits  customers  to  understand  and  help  with  their  problems  and  then  comes  back 
D  innovate.  In  the  United  States  technical  service  and  research  are  in  separate  compan- 
aents  and  the  research  people  tend  to  look  down  on  technical  service.  As  a  result,  cycle 
imes  for  Dupont  are  extraordinarily  shorter  in  Japan. 

Personal  relationships  developed  through  close  interactions  are  importanL  In  the  United 
itates  these  seem  to  develop  most  effectively  in  the  military-industrial  complex  and  in  small 
enture  companies  that  have  not  yet  developed  the  bureaucratic  structure  of  large 
orporations.  In  Japan  these  relationships  extend  throughout  the  culture.  It  has  been 
aggested  that  this  personal  factor  makes  it  important  that  many  more  engineers  are 
epresented  in  decision  making  positions  in  Japan  than  in  the  United  States.  Personal 
xperiences  at  the  highest  level  of  Japanese  corporate  management  give  a  bias  toward 
schnological  innovations  that  is  hard  to  quantify,  but  that  many  conference  participants 
elieved  importanL 

Dr.  Watanabe  believed  that  for  Sony  the  concerns  of  customers  and  feedback  ffom 
ustomers  require  a  constant  attention.  He  indicated  that  in  one  aborted  joint  venture  with 
Q  American  company,  the  underlying  cause  for  failure  was  Sony’s  perception  that  the 
jnerican  company  was  not  sufficiently'  concerned  with  and  listening  to  potent  and  current 
ustomers.  He  suggested  that  in  Japan  companies  which  serve  only  the  government  such  as 
ational  railroad  companies  are  inefficient  as  compared  with  private  railroad  companies.  He 
ved  in  the  United  States  for  some  years  and  developed  the  opinion,  perhaps  a  bit  excessive, 
lat  'basically  American  companies  have  no  regard  for  customers". 

3EAS,  INFORMATION  AND  TECHNOLOGY  TRANSFER 

The  conference  discussion  on  Japanese  and  American  technology  transfer  essentially 
sinforced  the  discussion  presented  Robert  Cutler  and  presented  earlier  in  this  report, 
echnology  transfer  is  a  'people  intensive"  activity,  a  "contact  sport”.  As  is  discussed  in 
dationsltip  to  national  laboratories,  universities  and  corporations,  Japanese  researchers  and 
ichnologists  have  a  much  more  generalist  role,  while  Americans  tend  to  be  much  more 
ledalists.  This  is  important  with  regard  to  technological  innovation  in  that  the  knowledge 
iterface  of  technology  and  science  discussed  in  the  Innovation  Model  presented  by  Stephen 
line  is  only  effective  if  there  is  substantial  interfacing  between  the  research  side,  scientific 
lowledge,  and  the  engineering  side,  technological  knowledge.  All  through  the  conference 
scussions  of  corporate  scientists  and  engineers  spending  a  year  in  national  laboratories, 
e  organization  of  the  ISTEC  laboratory  for  mpeiconductivity  being  staffed  by  industrial 
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researchers,  the  parhdpatioii  of  national  laboratory  and  university  people  with  corporate 
researchers,  the  many  meetings  of  industry,  corporate  and  national  laboratory  representa¬ 
tives  in  establishing  a  consensus  for  technological  programs  (discussed  by  Kitazawa  in  the 
section  on  high  temperature  oxide  superconductors)  were  indicators  of  an  extensive 
networking  of  many  different  viewpoints  in  the  Japanese  technological  culture.  In  contrast 
the  more  specialized  orientation  of  American  researchers  tends  to  give  rise  to  more  intense 
and  focused  interactions.  At  Gordon  Conferences  and  at  professional  society  meetings 
contacts  and  information  exchange  are  intensive  between  members  within  a  spedaity. 
Indeed,  when  members  in  this  network  change  positions,  moving  from  one  university  or 
corporation  to  another,  they  remain  members  of  the  intensive  spedalist  network.  These 
different  cultural  orientations  are  thought  to  give  rise  to  more  rapid  process  and  product 
izmovation  in  Japan  and  to  more  effective  achievement  of  sdentiffc  innovations  and 
breakthroughs  in  the  United  States. 

An  additional  consequence  of  this  mode  of  networking  and  sdence-engineering 
interaction  in  Japan  as  opposed  to  sdence-sdence  interaction  in  the  United  States  is  a 
willingness  and  capability  for  Japanese  to  accept  new  ideas  no  matter  what  their  source  as 
opposed  to  what  is  described  as  ±e  not-invented-here  syndrome  that  has  affeaed  American 
innovation. 

During  the  meeting  a  number  of  the  American  partidpants  expressed  the  view  that  the 
Japanese  were  not  only  more  willing  to  accept  foreign  ideas,  but  also  that  they  spend  more 
time  in  reviewing  the  literature  and  learning  what  had  been  done  in  a  particular  tield  of 
endeavor.  Rustum  Roy  made  strong  comments  about  American  researchers  not  being 
familiar  with  the  literature  in  their  field,  an  opinion  which  was  supported  by  many 
partidpants.  Several  members  of  the  conference  recalled  examples  of  early  work  which  was 
unknown  to  current  American  researchers,  but  well  known  and  referenced  by  their  Japanese 
counterparts.  It  is  well  known  that  the  ratio  of  Japanese  visitors  to  the  United  States 
compared  to  American  visitors  to  Japan  means  that  the  Japanese  are  much  more  fa  jdliar 
with  American  innovations  than  vice*versa.  In  addition  though,  several  members  of  the 
conference  who  had  spent  many  months  in  Japan  reponed  that  there  was  less  interest  or 
curiosity  by  their  American  colleagues  than  they  had  antidpated.  No  one  had  any  deep 
interpretations  of  these  observations.  Perhaps  th^  represem  one  aspect  of  the  American 
focus  on  individual  achievement  as  opposed  to  a  Japanese  appredation  of  group 
performance. 


THE  SCIENCE-ENGIN] 


NG  NEXUS 


During  the  Second  World  War  physicists  in  the  United  States  were  drafted  into  the  war 
effort,  played  an  important  role  in  the  development  of  radar,  proximity  fuses  and  other 
developments  induding  the  atomic  bomb.  After  the  war.  these  successes  led  to  the 
establishment  of  the  .National  Sdence  Foundation  and  the  beginnings  of  a  myth  that  basic 
sdence  accomplishments  inevitably  lead  to  applications,  technological  innovations  and  an 
improved  quality  of  life.  As  applied  to  the  military,  the  application  of  basic  sdence  would 
lead  to  weapons  technology  t^t  would  protea  that  bener  life.  That  linear  hypothesis  that 
sdence  leads  to  technology  which  leads  to  manu&cturing  and  performance  has  permeated 
American  thin  icing  and  remains  a  dominant  theme  of  sdentists,  policy  makers,  corporate 
executives,  legislatures  and  everyday  people.  This  has  led  to  a  preeminence  of  sdence  in  the 
.American  technological  culture  that  has  no  counterpart  in  Japan. 

In  discussions  of  sdence,  there  tended  to  be  an  invocation  of  a  deterministic  reductionist 
physics  model  But  a  number  of  partidpants  pointed  out  that  in  faa  the  nature  of  sdence 
has  been  changing  appreciably  with  the  oevelopment  of  quantum  mechanics  on  a  statistical 
basis  and  the  developmem  of  researdi  programs  in  medical  sdence  in  which  laboratory 
investigations  and  dimcal  investigations  proceed  simultaneously  and  a  development  of 
sdence  evaluation  of  chaotic  systems,  particularly  in  applied  sdences  such  as  plate  teaonics 
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id  meteorology.  The  very  structure  of  science  is  being  transformed  in  a  way  not  dissimilar 
om  previous  discussions  about  cultural  chaises  with  dme.  That  picture  of  science  as  a 
oving  target  is  perhaps  less  applicable  to  technological  innovatioDS  in  advanced  materials 
hich  depend  in  a  large  part  or  related  in  large  measure  to  condensed  phase  physics  and 
lemistry  as  their  siblings. 

The  Japanese  evidenced  a  different  understanding  of  science  than  many  of  their 
merican  counterparts.  Throughout  the  discussions  it  became  clear  that  Japanese  see  both 
ience  and  technology  as  a  process  of  learning  by  doing  as  opposed  to  an  American  concept 
;  the  development  of  technology  founded  on  principles.  American  participants  in  Japanese 
boratories  ftTnpha.si7ed  the  Japanese  concern  an  experimental  approach  whereas 
merican  laboratories  were  more  concerned  with  theoretic^  questions.  In  one  laboratory 
most  half  of  the  Japanese  PIlD’s.  received  their  doctorate  wliQe  working  at  the  Instimte. 
hey  were  hired  with  a  bachelor's  degree  and  received  the  PhD.  by  reporting  their 
rcomplishments  and  publications  to  a  university  program.  American  participant  observers 
,w  the  Japanese  as  being  more  attentive  to  detail  and  data,  being  more  deliberate  in 
valuations  and  avoiding  jumping  to  premature  conclusions.  The  difference  in  focus  became 
ear  during  a  discussion  of  a  program  at  Tokyo  University  aimed  at  developing  a  "science " 

:  manufacturino.  An  American  participant  suggested  that  a  science  of  manufacturing  was 
ipossible.  There  are  so  many  variables  involved  in  the  sodo-technological  manufacmring 
stem  that  describing  this  process  in  terms  of  "science"  was  just  inconceivable.  In  reply  it 
as  argued  that  a  science  of  manufacturing  was  very  much  like  computer  science  which  is 
recognized  Seld  in  many  American  universities.  (However,  computer  science  is  almost 
ways  coupled  with  Electrical  Engineermg  and  exists  in  Colleges  of  Engineering).  This  also 
igendered  the  comment  by  Japanese  participants  that  in  general  university  professors  in 
pan  are  more  involved  with  and  concerned  about  manufacturing.  In  the  United  States 
liversity  professors  generally  consider  manufacturing  too  complex  a  problem  to  fit  into  an 
ademic  environment. 

Many  discnssions  turned  on  the  idea  that  the  relatively  sharp  distinction  between  science 
id  engineering  in  the  United  States  did  not  have  a  comparable  counterpan  in  Japan.  Brian 
affenberger  proposed  a  ilhistration  of  a  Japanese  culture  of  science  and  engineering  as 
uniform  subculture  in  Japan  as  compa^  to  separate  subcultures  of  science  and 
tgineering  in  the  United  States,  Fig.  L  Science  in  the  United  States  is  emphasized  as  a 
ore  praiseworthy  activity  with  substantially  more  prestige  attached  to  it  than  is  engineering 
ience  allows  the  practice  of  individualism  and  individual  accomplishment  to  be  particularly 
warded  as  compared  with  engineering  which  tends  to  be  a  group  activity.  Since  in  Japan 
oups  fimcdon  both  in  science  and  engineering,  this  distinction  is  not  generally  made.  The 
Efezence  in  status  or  pecking  order  between  scientists  and  engineers  in  the  United  States 
tes  not  have  a  counterpart  in  the  Japanese  technological  environment.  It  is  thought  that 
[S  separation  also  tends  for  Americans  to  be  more  concerned  with  disciplinary  boundanes. 
differentiation  between  PhD.’s,  researchers,  and  technicians  and  between  science  and 
gineering  cultures. 

Some  anthropologists  suggest  that  it  may  be  difRailt  to  develop  an  anthropological 
proach  to  American  science  because  scientists  are  trained  to  eliminate  any  indication  of 
IS  from  their  work  in  the  effort  to  be  objective.  Ex  post  faao  scientists  portray  their  work 
if  it  conforms  to  a  model  of  the  scientific  method  and  the  suggestion  that  there  may  be 
Itural  foctors  at  work  can  be  threatening,  perhaps  even  frightening.  An  indication  of 
Itural  bias  in  hard  science  might  be  difficult  to  sustain  a  participant  observer  basis, 
chnological  innovation  is  essentially  an  heuristic  process  wUch  may  or  may  not  have 
ious  theoretical  foundations.  As  a  result,  the  culture  of  different  research  and  technology 
Kvatories  was  perceived  as  contributing  to  innovative  success. 


Fig.  1.  Scfaemaiie  view  of  the  wiy  ia  which  JapeaeK  Ugfaijr  ealtnre  of  and  prmtrafTs 

with  the  separate  American  cnitnres  of  «*•«**»***  and  eagmeerin^  Each  is  eaibedded  within  its  own  national 
ealtnre  and  both  act  as  bridges  between  the  Mfintial  eoitnre. 
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NIVERSrrXES 

First  of  all,  we  need  to  introduce  the  caveat  that  the  discussion  was  specific  for 
Ivanced  materials  and  applies  pretty  much  to  colleges  of  engineering  but  not  to  the  totality 
’  universities.  A  number  of  participants  suggested  that  medical  and  biomedical  fields  which 
volve  practical  work  in  a  clinical  setting  at  universities  may  be  quite  different  With  regard 
i  advanced  materials,  both  in  Japan  and  the  United  States,  there  was  general  agreement 
at  universities  are  not  contributing  much  in  the  way  of  technological  innovation.  It  was 
tggested  that  in  large  part  this  results  from  the  fact  that  the  substantial  capital  investment 
icessary  for  modem  manufacturing  facilities  is  not  available  at  the  university;  the  university 
tie  has  been  to  educate  students  in  fundamentals  rather  than  with  actual  experience  in 
anufacturing.  It  also  seems  that  faculty  members  are  rarely  well  informed  zbout 
’oduction  activities.  The  interaction  that  faculty  members  have  with  industry  is  largely 
isearch  university  people  interacting  with  industrial  research  people  or  government 
boratory  research  people,  all  of  whom  are  relatively  naive  about  actual  manufacturing 
ocesses. 

In  Japan  the  most  popular  way  that  industry  supports  umversities  is  to  contribute 
search  funds  identified  with  a  particuiar  professor.  These  funds  are  donated  to  the 
liversity  for  the  use  of  the  professor  and  the  university  has  no  obligation  toward  the 
impany  but  it  is  often  agreed  between  the  individual  professor  and  the  industrial  donor  to 
ork  in  a  particular  field.  Industrial  participants  fiom  Japan  indicated  that  these  amounts 
e  not  very  large,  usually  about  1  million  yen  ($7,000),  and  the  major  industrial  motive  is 
develop  relationships  with  professors  in  order  to  be  able  to  obtain  the  best  students  for 
nployment  Exchanges  of  i^ormadon  and  interaction  between  university  and  industry 
ostly  occur  at  academic  meetings  of  one  sort  of  another  where  industrial  people  are  always 
oldng  out  for  new  ideas,  new  techniques.  Many  smdents  who  work  in  a  compare  keep  in 
close  relationship  with  their  professors.  Participants  who  have  experience  both  in  the 
merican  and  Japanese  context  commented  on  the  fact  that  networking  with  former 
ofessors,  interaction  of  students  with  professors  and  the  esteem  with  which  smdents  regard 
nner  professors  is  markedly  higher  in  Japan  than  in  the  United  States.  In  Japan  it  is 
ostly  through  contacts  with  former  smdents  that  university  faculty  continue  to  be  aware 
tedmological  problems. 

As  in  Japan,  industry  is  a  minor  source  of  support  for  universities  and  university 
search  in  the  United  States.  By  far  the  largest  support  of  American  university  research  is 
e  government  Industrial  support  has  increased  to  a  certain  extent  and  one  of  the 
mmon  forms  is  consortia  arranged  around  a  particular  area  of  technology  such  as  the 
dustiial  consortia  on  diamond  research  at  the  Pennsylvania  State  UniveTsity.  Industrial 
irtidpants  at  the  conference  indicated  these  are  not  particularly  expensive  and  the  main 
ijective  of  industry  is  a  defensive  one  to  insure  that  they  are  not  missing  something  which 
ay  nirn  out  to  be  importanL  University  participants  agreed  that  industry,  while  willing  to 
ntnbute  a  limiteo  finandai  support,  was  generally  unwilling  to  send  their  best  people  (or 
y  people)  to  actually  participate  in  these  programs  at  the  universi^.  There  was  a  general 
el^  amongst  American  university  facul^  at  the  meeting  that  industry  was  not  really 
rious  about  their  support  for  joint  programs  with  university  researchers.  For  an  Industrie 
rtidpant  to  take  time  to  seriously  interact  with  a  university  represents  a  diversion  from 
areer  path.  At  the  same  time  not  very  many  university  faculty  spend  nme  in  engineering 
dvities  of  industry  as  opposed  to  interacting  with  research  departments. 

During  the  last  few  years,  beginning  in  1987,  there  have  been  established  in  Japan 
nters  for  cooperative  research  at  national  universities.  At  present  there  are  total  of  18 
tional  umversities  in  different  areas  of  Japan  which  have  established  this  son  of  center 
order  to  promote  doser  relationships  between  university  and  industry.  In  Fig.  2  there  is 
istrased  tte  organization  oi  this  type  of  center  at  Nagasaki  University.  One  element  of  this 
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is  tlmt  there  are  guest  professors  from  industry,  resident  at  the  university,  in  an  effon  to  • 
develop  closer  relation^ps  of  university-industiy  programs. 

It  was  generally  agreed  that  the  tone  of  university  research  is  largely  set  by  funding 
patterns  in  which  th ;  industrial  contribution  is  not  genex^y  significant  In  the  United  States, 
the  largest  funding  for  university  research  comes  from  the  National  Science  Foundation  and 
from  mission-oriented  arms  of  the  Department  of  Energy  and  Department  of  Defense.  The 
National  Science  Foundation  generally  supports  science  research  independent  of 
technological  objectives.  Ihe  mission-oriexxted  arms  of  the  Department  of  Energy  and 
Department  of  Defense  support  both  basic  research  and  also  research  which  is  aimed  at 
more  technological  objectives.  It  is  the  efforts  of  these  organizations,  such  as  the  Office  of 
Naval  Research  support  of  diamond  film  smdies  at  Pennsylvania  State  University  and  :he 
At  Force  Office  of  Science  and  Research  which  has  supponed  research  on  the  sol  gel 
processing  of  ceramic  materials  and  the  introduction  of  more  chemical  applications  to 
ceramics  processing  that  have  had  the  most  influgnec  on  technological  innovation  at 
universities.  In  Japan  the  principle  support  for  university  faculty  and  programs  comes  from 
the  Department  of  Education  and  influence  on  technological  innovation  generally  comes 
when  new  professorships  are  established. 

In  the  United  States  there  was  a  period  when  new  ventures  originating  in  university 
developments  were  supported  by  venture  capital  companies  with  strongly  industnai  and 
technological  innovation  impetus.  Increasingly  venture  capital  companies  in  the  United 
States  have  been  concerned  with  other  than  stan-up  activities  and  the  main  suppon  for 
start-up  venture  research  has  been  contraa  research  from  mission-oriented  Department  of 
Defense  units.  As  a  result,  venture  capital  stan-up  research  in  the  United  States  is 
increasing  oriented  toward  technological  innovations  related  to  militaiy  applications  rather 
than  consumer  markets. 
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One  further  topic  that  came  up  is  the  effectiveness  of  the  materials  research  laboratories 
it  up  at  American  universities  beginnix^  some  twenty  years  ago.  They  were  founded 
ecause  it  was  felt  advanced  materials  research  was  interdisdplinazy  in  industry  and  that 
oiversities’  departmental  structure  and  disciplinary  orientation  made(it  desirable  to  have 
lock  funding.  Several  hundred  million  dollars  have  now  been  invested  in  these  material 
isearch  centers.  The  general  opinion  of  participants  was  that  this  has  not  much  changed 
laterials  research  at  the  universities.  Funds .  have  normally  been  divided  between 
lepartments  of  Physics,  Materials  Science  and  Engineering,  Electrical  Engineering, 
forh^Tiigai  Engineering  and  Chemistry  in  a  way  that  has  retained  disciplinary  emphasis, 
here  has  been  little  significant  difference  between  levels  of  technological  innovation  and 
ehavior  patterns  between  the  haves  and  have  oots.  There  was  also  a  good  deal  of  feeling 
tat  the  ^ding  pattern  for  most  advanced  materials  research  required  faculty  to  spend  a 
ibstantiai  part  of  their  time,  estimates  varying  from  20%  to  40%,  on  writing  proposals  and 
ursuing  funding.  Faculty  are  not  normally  provided  with  funds  for  research  assistants  or 
ssistant  professors  or  students  as  is  done  by  the  Ministry  of  Education  in  Japan.  As  a  result, 
Lculty  interests  and  research  orientations  are  largely  dictated  by  funding  agencies, 
rindpaily  NSF,  uninterested  in  technological  innovation  and  contributions  to  economic 
smpetitiveness. 

ATIONAL  LABORATORIES 

In  the  United  States  the  major  national  laboratories  developed  in  the  course  of  weapons 
svelopment,  particularly  the  Manhattan  Project,  in  World  War  IL  Some  have  continued 
»  primarily  weapons  laboratories,  mostly  focused  on  nuclear  weapons,  but  most  have 
‘arched  for  a  rationale  for  continuing  existence  and  development  They  have  become  pan 
I  the  nationai  science  infrastructure  built  around  the  su|^n  of  large-scale  machines  such 
i  nndear  fission  reaaors,  audear  fusion  experiments,  synchrotrons  and  particle 
rceleratois.  The  latest  in  the  series  of  development  is  the  superconducting  super  colliding 
cility  now  being  built  at  a  cost  of  some  ten  billion  dolla^  In  the  last  two  years,  the 
ission  of  supporting  technological  innovation  and  canying  joint  research  with  industrial 
inns  has  bera  added  to  their  role.  In  contrast,  the  national  laboratories  in  Japan  are  mostly 
uch  smaller  facilities,  managed  the  Agenqr  of  Industrial  Sdence  and  Technology 
VIST)  under  MITL  Under  the  AIST  program  there  are  sixteen  nmional  laboratories 
spersed  throughout  Japan  and  about  2^  researchers.  The  basic  objective  of  the  AIST 
boratories  is  to  strex^then  govemment-industry-university  interacnons  and  foster 
chnoiogicai  innovation.  In  the  last  few  yeais,  beginning  in  March  1986,  the  fundamental 
rection  of  the  Japanese  sdenoe  and  tedmology  program  induded  the  promotion  of 
eative  sdence  technology,  strengthening  ^damental  and  basic  research,  a 
irmonization  between  technology  and  human  beings  and  international  cooperation.  That 
changes  are  underway  in  which  it  is  proposed  that  the  American  national  laboratories 
ntribute  more  to  the  country's  technological  base  and  Japanese  national  laboratories 
ntribute  more  to  that  country's  sdenoe  base. 

Argonne  Nationai  Laboratory  which  has  an  active  program  in  place  attempting  to 
velop  high  temperature  oxide  superconductor  technology  in  cooperation  with  industrial 
rtoers  is  more  or  less  typical  of  American  national  laboratories.  The  laboratory  has  three 
mponems,  one  concexiied  with  breeder  reactors  and  breeder  reactor  development,  an 
plication  of  large  scale  sdence  that  would  not  be  possible  without  a  national  laboratory 
le.  The  second  component  of  the  laboratory  is  basic  sdence  and  a  third  componmnt 
Qcemed  with  energy  and  environmental  materials  is  assodated  with  applied  sdence  and 
dnmlogical  developmem.  During  the  history  of  the  laboratory,  more  or  less  continuing 
inagerial  efforts  to  encourage  interdisdplinary  activity  and  interacnons  between  these 
jarate  components  have  not  been  very  successful  The  laboratory  personnel  have  been 
j  interactive  with  onivenity  researchen  but  there  has  not  been  much  interaction  with 
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industry.  One  of  the  results  of  the  discovery  of  high  ten^rature  oxide  superconductors  was 
to  establish  a  common  set  of  objectives  between  basic  scientists  eager  to  characterize  and 
study  the  new  materials  and  people  in  the  applied  group  who  had  the  capability  of 
processing  and  preparing  samples. 

Until  recently  the  national  laboratories  had  no  mandate  to  become  interested  in 
technological  innovation  or  industrial  competitiveness.  It  is  too  early  to  tell  how  effective 
the  national  laboratories  will  be  in  these  new  responsibilities.  Laboratory  participants 
indicated  that  there  were  serious  problems  related  to  changing  a  culture  which  had  been 
devoted  to  science  and  the  oiqectives  of  scientists  who  have  no  particular  special  knowledge 
with  regard  to  engineering  or  technological  innovanon.  A  second  difBculty  seems  to  be  in 
relationship  to  the  funding  method  in  there  is  a  competition  between  basic  science 
and  industrial  cooperation  whereby  funds  are  awarded  on  a  yearly  basis  by  bureaucrats  in 
Washington  who  some  participants  thought  were  not  particularly  skillful  in  separating  hype 
from  solid  content  in  the  proposals  they  receive.  The  conference  heard  reports  that 
continuity  of  funding  is  a  continuing  concern  of  staff  members  who  might  better  be  focusing 
on  their  technical  activities.  A  third  difficulty  is  initiating  and  finding  collaboration  between 
the  highly  scientific  PkD.  on  the  Argonne  staff  and  industrial  representatives,  the  most 
needful  of  whom  have  but  little  technical  background.  There  was  a  feeling  that  technology 
transfer  is  only  feasible  between  almost  equal  partners  and  that  is  difficult  to  achieve  for 
companies  not  having  research  laboratories  of  their  own.  The  upper  levels  of  the 
Department  of  Energy  are  supportive  of  this  new  national  laboratory-industrial  cooperative 
program  but  the  difficulties  in  ghanging  the  national  laboratory  science  subculture  should 
probably  not  be  underestimated. 

Most  of  the  discussion  of  the  operat'  i  of  Japanese  national  laboratories  focused  on  the 
specific  example  of  ±e  Government  Industrial  Research  Instimte  of  Kyushu  (GIRI-Kyushu) 
sponsored  by  AIST  under  MTIT  because  Dr.  Kazuo  Kobayashi,  former  direaor  of  GIRI- 
Kyushu  was  a  conference  pardcipanL  At  GIRI-Kyushu  there  are  three  ^pes  of  research 
projects  undertaken.  One  is  a  large  -nadonal  project,  a  second  are  special  regional 
tec^ology  projects  and  a  third  is  ordinary  basic  research  undertaken  by  s^  members. 

For  large  national  projects,  there  is  extensive  interaction  between  AIST  headquaners 
and  advisory  academic  committee  between  the  Government  Industrial  Researdi  Institutes 
and  industrial  consultants  as  to  the  needs  and  plannings  and  benefits  of  a  proposal  as  a 
national  project.  Examples  of  these  have  been  the  Sunshine  Project,  the  Moonli^t  Project 
discussed  under  silicon  nitride  research  and  basic  technology  for  future  industries.  AIST 
headquarters  works  as  a  coordinator  of  the  project  and  the  term  of  this  kind  of  project  is 
usually  five  to  ten  years.  Different  government  research  institutes  jointly  participate  in  a 
project  in  which  industrial  research  laboratories  are  also  associated,  llie  interaction  between 
government  and  industry  continues  throughout  the  program  with  member  companies  and 
national  laboratories  working  together  to  achieve  the  project  goals  which  are  in  the  field  of 
"precompetitive"  technological  developmem.  The  .schematic  organization  is  illustrated  in  Fig. 
3. 

A  second  type  of  technological  research  program  carried  out  by  the  regional  GIRI 
laboratories  are  special  regional  technology  projects.  AIST  initiated  this  program  in  1982 
in  order  to  promote  technologies  in  regional  industries.  The  regional  GIRI  prepares  a  plan 
in  association  with  a  number  of  regional  private  companies  and  some  prefectural 
government  research  instimtes.  The  lifetime  of  the  project  is  usually  four  or  five  years.  An 
example  of  this  in  the  GIRI-Kyushu  laboratory  was  a  program  on  "Utilization  of  Lime  and 
Lime-Based  Compounds";  another  was  "Development  of  New  Pottery  day  Using  Low 
Refractory  Pottery  Stone".  This  is  coordinated  ^  the  GIRI  laboratory  with  a  structural 
organization  sudi  as  iUustrated  in  Fig.  4.  Anodier  type  of  special  project  is  the  joint 
govemmem-private  sector  researdi  program  in  vdndi  half  of  the  budget  comes  from  GIRI 
and  the  other  half  cones  from  the  private  sector.  Physically  the  research  is  carried  out  in 
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the  GIRl  laboratoiy  to  which  researchers  are  sent  from  the  companies.  Guest  researchers 
do  not  necessarily  have  to  be  associated  with  a  joint  government  private  sector  research. 
GIRI'Kyushu  generally  accepts  about  thirty  researchers  each  year  in  which  the  company 
does  not  provide  funding  except  for  the  researchers  salary  and  costs  of  materials.  This  is 
usually  done  in  order  to  take  advantage  of  GIRl  capability  in  a  special  area  while  for  GIRI 
guest  researchers  are  a  source  of  additional  manpower. 

Another  form  of  research  carried  out  at  the  Government  Industrial  Research  Institute 
is  basic  research  built  on  proposals  prepared  by  individual  researchers.  These  proposals  are 
evaluated  by  the  of  GIRl  on  the  basis  of  originali^,  research  potential  and 

infln«nr»>  on  industxy  through  rtiggnagfim  with  individual  researdiers.  It  often  happens  that 
this  basic  research  grows  into  becoming  special  projects. 

Other  activities  of  the  GIRl  regional  laboratories  are  to  serve  as  technical  information 
centers.  At  GIRI-Kyushu  the  number  of  requests  for  technical  information  is  about  300  each 
year.  The  GIRl  laboratories  also  sponsor  symposia  on  particular  subject  matters  such  as  new 
materials,  the  development  of  natural  resources  and  so  forth  at  which  100*150  participants 
from  regional  industries  participate.  GIRl  and  the  other  national  laboratories  also  have  an 
invitation  program  for  university  professors.  At  the  GIRI-Kyushu  each  year  three  or  four 
professors  are  invited  to  stay  three  or  four  days  for  discussions  with  research  groups  at  the 
Institute.  Finally,  GIRl  has  a  system  of  sending  its  researchers  to  universities  for  study  and 
research  for  a  period  of  one  year  each.  In  the  case  of  GIRI-Kyushu  there  are  one  or  two 
researchers  sent  to  universities  each  year. 

Hie  other  Japanese  natinnal  laboratory  which  was  discussed  was  the  National  Institute 
for  Research  on  Inorganic  Materials  (NIRIM)  which  has  been  described  by  its  director 
general  Dr.  Setaka  under  a  previous  discussion  of  diamond  films.  At  NIRIM  there  are  about 
one  hundred  ten  staff  of  whom  about  forty  at  any  one  time  are  visiting  researchers  from 
industry.  From  both  the  GIRl  Research  l^timtes  and  the  national  laboratories  such  as 
NIRIM,  there  is  an  active  program  encouraging  the  application  and  licensing  of  technology 
by  industry.  For  promising  technologies  funds  are  provided  for  the  necessary  development 
of  equipment  for  industrial  processes  viduch  is  paid  back  by  industry  if  and  when  processes 
become  commercially  succosfuL 

An  impressive  characteristic  of  the  national  laboratory  program  in  Japan  is  first  of  all 
a  dedication  to  process  studies,  new  material  synthesis  and  technologic^  iimovation.  A 
second  characteristic  is  the  extensive  networking  of  the  national  laboratories  with  university 
faculty,  who  often  serve  as  chairman  of  planning  committees,  with  industry  and  with 
government  coordinators.  Programs  are  funded  for  a  period  of  four  to  ten  years  so  there  is 
a  continuity  absent  from  most  of  the  American  national  laboratory  programs.  In  addition 
there  is  a  strong  consensus  building  prior  to  the  establishment  of  programs  which  has  been 
documented  above  for  the  case  of  ISTEC  in  Dr.  Kiiazawa’s  discussion  under  high 
temperature  oxide  superconduaors.  The  efforts  since  1986  to  develop  a  larger  science 
component  in  the  national  laboratories  has  probably  not  been  so  success^  Some  Japanese 
university  scientists  suggest  that  the  government  research  projects  are  not  considered  very 
successful  when  compared  with  university  programs  from  a  science  point  of.  view  or  with 
industry  programs  from  a  technological  point  of  view. 


281 


SUMMARY 


As  discussed  in  the  opening  of  this  volume,  the  interactions  of  culture  and  technical 
svadon  constitute  a  multiple  variable,  complex  social-culture-technological  process  that 
ot  subject  to  a  facile  reductionist  one-line  sound  bite  conclusion.  That’s  in  the  nature  of 
questions  we  has^  posed  and  all  the  discussion  at  the  meeting  argues  against  giving  too 
:h  credence  to  sinq>iistic  statements  based  on  anecdotal  evidence.  That  said,  -the 
ference  has  made  some  progress  in  initiating  a  process  leading  to  better  understanding 
bese  issues.  There  was  unanimity  amongst  those  present  that  each  participant  took  away 
1  them  a  solid  sense  of  benefit 

The  idea  that  Americans  are  highly  creative  and  that  the  Japanese  have  taken  our 
aJcthroughs  and  then  transformed  them  into  commercial  success  has  come  to  be  accepted 
iom  in  many  drcles.  Our  discussion  of  the  discoveries  associated  with  high  temperature 
erconductors,  with  low  pressure  diamond  synthesis  provide  no  support  for  this  view.  In 
1  temperature  superconductors  where  Japanese  and  American  researchers  have  left  the 
ting  gate  together,  the  rate  of  new  discoveries  has  been  pretty  much  equal.  Japanese 
tarch  has  been  as  creative  as  their  Ameiican  counterparts  and  vice  versa.  Similarly,  in 
discovery  phase  of  low  pressure  diamond  synthesis  the  Japanese  have  taken  the  lead. 
Roben  DeVries,  a  distisguisbed  General  Electric  Company  researcher  in  the  field  and 
lor  of  some  histories  has  said:  "Most  of  the  creaxhw  athrances  in  CVD  diamond  are  of 
anese  origin.”  In  consequence  it  seems  that  many  analyses  of  American  vs.  Japanese 
itivity  is  resulting  from  (Merent  educational  systems,  for  example,  are  based  on  a  faulty 
arise  and  largely  without  merit 

It  is  clear  that  the  number  of  Nobel  prizes  in  the  basic  sciences  that  have  been  garnered 
verwhelmin^  in  favor  of  U.S.  scientists.  The  conference  discissions  suggest  that  this 
f  result  from  a  profound  difference  in  the  Japanese  and  American  concepts  of  "science" 
of  learning.  In  the  United  States  the  essence  of  science  is  taken  as  the  development  of 
icipies  and  laws  that  can  serve  as  fundamental  concepts  underlying  future  experiments 
providing  a  basis  for  technological  development  In  Japan  science  is  rather  taken  as  a 
:ess  of  methodical  experimental  approach  toward  learning.  Experimental  results  are 
ortant  because  an  experimental  faa  is  "truth".  Explanations  and  interpretations  are  less 
ortant  In  the  exanqiles  of  advanced  we  have  discussed,  this  Japanese  concept 

dence  has  led  them  to  focus  more  strongly  on  processing  of  materials  and  synthesis.  In 
[rast  American  research  has  been  much  more  dominated  by  characterization  of  materials 
id  on  condensed  state  physics.  Japanese  parddpants  suggest  it  is  possible  to  develop  a 
Qce  of  manufacturing  analogous  to  computer  sdence.  In  contrast  most  American 
idpants  suggested  that  manufacturing  was  a  sodo-technological  activity  depending 
/fly  on  human  behavior,  human  perceptions  and  social  organization.  As  a  result, 
[ufacturing  analysis  involve  thousands  of  variables,  perhaps  millions,  that  can  never  be 
iced  to  a  "science”.  There  was  the  view  that  a  reductionist  Taylorism  approach  to  time 
motion  studies  or  any  more  comprehensive  models  that  developed  hardly  warranted  the 
ication  of  the  word  "sdence”. 

This  fundamental  conceptual  difference  is  deeply  embedded  in  the  American  and 
inese  cultures.  It  was  influential  in  many  aspects  of  our  discussions.  On  the  American 
there  is  a  national  consensus  that  sdence  is  the  goose  that  lays  the  golden  eggs  which 
itably  lead  to  applied  sdence,  technology,  innovative  manufacturing  and  a  better  quality 
fe.  This  has  shown  to  be  myth  by  many  historians  of  technology,  but  is  a  widely 
deeply  held  view  of  most  sdentists,  policy  makers,  legislators  and  ordinary  people.  A 
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successful  moon  landing  is  widely  perceived  as  a  scientific  success  while  the  Giallenger 
disaster  was  viewed  as  an  engineering  failure.  There  is  a  current  1991  proposal  by  AAAS 
President  Leon  Lederman  that  we  should  increase  science  funding  so  that  every  American 
physicist,  chemist  and  biological  scientist  is  fully  supported.  This  has  also  led  to  bifurcation 
of  the  science  and  engineering  communities  in  the  United  States.  It  is  exemplified  by  our 
separate  National  Academy  of  Science  and  National  Academy  of  Engineering.  By  and  large 
the  intellectual  pecking  order  places  scientists  above  engineers.  Many  in  the  advanced 
materials  community  feel  that  the  ten  billion  dollars  or  so  fimding  the  superconducting  super 
collider  program  would  be  better  devoted  toward  technology  which  would  enhance 
American  competitiveness.  But  there  exists  no  national  American  consensus  as  to  the 
inqxjrtance,  perhaps  even  the  desirability,  of  technological  innovation. 

In  contrast,  in  Japan  science  and  engineering  are  seen  as  constiments  of  a  single 
community.  There  is,  in  Japan,  an  air  of  technology  enthusiasm,  which  has  passed  into 
history  in  the  United  States.  Thomas  P.  Hughes,  in  his  bookylmerican  Genesis  quotes  Perry 
Miller  who  describes  the  American  exhilaration  with  technology  at  the  turn  at  the  century. 
Americans  "flung  themselves  into  the  technological  torrent,  how  they  shouted  with  glee  in 
the  midst  of  the  cataract,  and  cried  to  each  other  as  they  went  headlong  down  the  chute  that 
here  was  their  destiny...."  This  same  spirit  seems  to  exist  now  in  Japan  and  is  exemplified 
by  what  has  been  described  as  a  "ceramic  fever"  engaging  all  segments  of  the  population 
during  the  1970's.  There  is  in  Japan  a  national  consensus  shared  by  scientists,  engineers, 
corporate  CEO’s,  politicians,  legisiamres  and  ordinary  people  that  Japan  has  a  national 
inq)eradve  to  place  itself  in  the  forefrom  of  evolving  technologies.  These  different  cultural 
visions  of  science  and  technology  in  Japan  and  the  United  States  have  a  profound  influence 
on  the  course  of  technological  innovation  in  the  field  of  advanced  material.s.  In  America  our 
national  laboratories  are  mainly  centers  of  science.  In  Japan  the  clear  objective  of  the 
national  laboratories  is  technological  advancement 

Having  seen  a  rough  equality  in  the  creativity  and  inventiveness  in  Japan  and  the  United 
States,  we  turn  to  the  question  of  transferring  inventiveness  into  conuner^  innovation.  The 
Japanese  cultural  mindset  of  "leanung  by  doing”  as  compared  to  the  American  mindset  of 
"learning  from  principles"  has  proved  to  have  a  profound  influence  on  technological 
innovatioiL  It  has  led  to  the  Japanese  accepting,  even  enthusing  about,  incremental 
innovations  which  have  a  large  cumulative  effect  This  is  contrasted  with  an  American 
predilection  for  home  grown  breakthroughs.  It  has  also  led  to  a  Japanese  willingness  to 
undertake  the  manufacture  of  advanced  materials  for  mrignififant  markets  as  a  way  of 
learning,  with  confidence  that  as  learning  proceeds  and  costs  and  quality  improve,  markets 
will  develop. 

A  second  profound  cultural  difference  that  permeates  the  mode  of  technological 
innovation  is  the  strong  American  emphasis  on  individual  achievement  vs,  the  strong 
Japanese  emphasis  on  group  achievemenL  Japanese  groups  are  interdisciplinary  and  consist 
of  PhJD.’s  mixed  together  with  technicians  to  provide  a  broad  array  of  interactive  experience 
and  approaches  toward  problem  solutions.  T^  has  been  commented  on  by  many  observers, 
as  has  the  difference  in  Japanese  system  of  lifetime  employment  and  promotion  based 
mostly  on  seniority  as  compared  with  the  American  system  of  contract  employment,  frequent 
job  changes  and  promotion  based  on  individual  accomplishments.  With  regard  to  innovation 
an  important  consequence  of  these  national  characteristics  is  immensely  more  effective 
interdisciplinary,  intracompany  and  interorganizational  networking  by  the  Japanese.  The 
number  of  visiting  indusny  researchers  working  alongside  the  regular  staff  at  national 
laboratories  in  Japan,  for  exaznple,  is  astounding  by  American  standards.  Americans  leaving 
their  home  orgamzatioa  find  themselves  departing  from  established  career  tracks  and,  in  any 
event,  their  onnpanies  can  never  be  sure  that  they  win  return.  These  same  characteristics 
of  individuality  give  rise  to  more  interne  specialization,  stronger  disdplinaiy  boundaries  and 
effective  networking  within  a  sdent^fidd  in  the  United  States,  reinforcittg  and  strengthen- 
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the  effectiveness  of  the  American  science  establishment,  but  isolating  scientists  from 
inological  innovation.  In  Japan  a  group  member  in  an  industrial  (or  university  or  national 
oratory)  organization  is  encouraged  to  spend  a  year  or  more  in  a  different  organization, 
ming  new  slrilk  and  returning  to  a  secure  position  able  to  enhance  group  performance. 

;  Japanese  social  structure  makes  individual  stars  and  nobel  prizes  rare,  but  much 
ances  technologicai  and  commercial  innovation. 

The  strong  ’Verticai"  social  organization  in  Japan  that  Chie  Nakane  identified  as  central 
he  family,  village  and  company  in  her  classic  1970  book  Japanese  Society  continues  to 
rt  a  strong  influence  in  many  ways.  It  is  a  in  the  effort  to  develop  consensus  and 
mony  rather  than  confrontationail  dedsion-making.  One  result  is  that  there  is  a  strong 
at  to  dedsion-making  in  Japan  coming  up  through  the  Merarcfaical  organit^on,  bringing 
re  contributions  of  potentially  creative  and  innovative  ideas.  The  emphasis  on  consensus 
led  a  number  of  observers  to  quote  a  Japanese  saying.  The  nail  standing  out  from  the 
:  is  the  one  hammered  down,"  suggesting  that  creativity  is  hampered.  In  fact,  Japanese 
lagers  appreciate  this  and  have  generally  assured  that  there  is  time  reserved  for 
sarchers’  risky  ideas  to  be  accomplished  as  under-the>tabie  activities  that  only  surface 
;n  it  becomes  appropriate  to  soUdt  group  consensus.  Perhaps  the  most  important  aspea 
ertical  organization  is  the  deep  trusting  relationships  between  suppliers  and  manufactur- 
and  between  manufacturers  and  customers.  The  most  important  feedback  loops  for 
mological  innovation  are  from  customers  to  manufacturers  and  manufacturers  to 
pliers.  The  strength  of  these  feedback  loops  in  Japan  is  a  strong  factor  in  the  rapidity  and 
ictiveness  of  Japanese  technologicai  izmovation.  ^itnilar  dose  interactions  seem  to  be  a 
racteristic  of  American  militazy  technological  izmovation. 

The  ezaznples  of  izivention,  mdustry  azid  izrfazit  industry  that  were  the  focus  of 

discussions  all  converged  on  the  realization  that  tedmological  izmovation  is  not  an  event, 
rather  a  long  term  process.  Japanese  corporations  have  a  focus  on  market  share  rather 
I  shon  rime  profits  that  gives  them  a  greater  continuity  of  effort  which  is  reinforced  by 
zloymeza  practices  and  multidisciplinary  group  efforts.  Some  of  this  has  been  attributed 
9wer  costs  of  capital,  but  that  can  hardly  explain  the  Japanese  predilection  for  four>five 
r  funding  of  development  programs  as  compared  to  the  normal  one  year  period  (subject 
enewal)  cozmnon  in  the  United  States.  Sin^  year  funding  emphasizes  rapid  results 
spendem  of  any  costs  of  capital  (it  even  leads  to  proposals  being  written  for  work  already 
e  so  as  to  guarantee  results). 

Policy  implications  have  been  mentioned  by  some  participants  but  were  not  the  subjea 
ouch  discussion  or  debate.  However,  it  iziust  be  dear  thm  the  effects  of  an  American 
ore  so  strongly  ingrained  with  the  importance  of  science  that  "scientific  literacy"  has 
3me  a  buzword  for  our  educational  requirements  with  little  or  no  consideration  of 
ineering  and  technology  are  substantial.  Similarly,  the  Japanese  immersion  in  the  faith 
technologicai  innovation  is  the  decisive  factor  shaping  the  future  can  hardly  be  ignored. 
Finally,  these  ezpezimezxtal  discussions  made  clear  that  there  is  a  strong  oppommity  for 
Bw  anthropology  of  tecfaziology.  Tecfazioiogicai  izmovation  is  an  activity,  a  process, 
thrizzg  social  organization  azid  hiiman  behavior  that  are  equally  or  more  izziportant  than 
inical  considerations.  This  coziference  azid  this  approach  toward  thinking  about 
izioiogical  izmovation  mnst  be  seen  as  the  izutial  often  uncertain  beginnmgs  of  a  process, 
sral  caveazs  must  be  heeded  before  making  too  much  of  any  condusions.  First,  all  the 
ossions  were  between  and  focused  on  a  particular  age  group.  Second,  technologicai 
wation  in  advanced  materials  seems  to  be  quite  different  than  innovations  in  medidne 
iotechnology  azid  some  other  fields.  Third  we  have  not  had  the  depth  of  discussions  of 
nological  izmovation  by  the  American  military  that  their  success  would  seem  to  warrant, 
(t  important,  the  developmoxt  of  rapid  tran^rtation,  international  television,  telephone 
fax  madnnes,  the  globalization  of  science,  industry  and  technology  combine  to  produce 
eatfatakmg  rate  of  diaoge  in  all  aspects  of  the  industrialized  world. 


